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5^y;**fW#A;^ ftfeZhtzy y hfcJSC 

gtx-* • ^nir^iHOfc^Lfc^y k % M 
C. fi»J©^ yfy*— j* - /v&ftMBTS lo 

U x £ ft U T a AT 5 * 7 1 5/ ? t % 
v?k. 



y YWRTy^fy h iMAfc^HWWfPBRW^f 1 a<d 

S<ttl-i!J^S$HfcJ;5l^ mw?74-y? -7*4 

• yyzf^-y b\c&j£-tz>tz£>(D'( y^y 3L— 
* • *~y~=.*-M£ffi$iLrcm&*yi?yk. 

- y^yY^n.^n.umy^T-J^n^m.ky 



ftjfe 3 i^Tc^-x^^^Siifa^-^ u— ^ • =yy 
[&Wroi¥*fflfttft9i] 

[000 1] 1994^7^ 11 0|cft^-$tt,fc^ 

fl=ffiSm08/273,262^-ro-SPi^tiJ|i-efc5„ 
tt, 1992^ 6 J3 9 0 Kl$mZ1ltz®Wm®m07/898, 385 

9i¥9^26B iztam^titz^mmmoime, 029-^©- 

[0 0 0 2] 4#ff WS0O7/766, 029-5§-«:1990^ 7 M 19 0 

fcffiii £ ftfc«FHFtiiKmo7/555, 946&<D-nmwimm-? 

&2>. #a=fflJHfS07/555, 946-§-»41988^ 9 fi 22 0 tCffiK 
£tvfc#ff ffiKf|07/249, 225^ (#B#i^4, 980, 806 
<0-n®mmm-?hZ. #fFffllSf?07/249,225-l§- 

deH#tFifS4,980,806 #) 1*1987^11.3 120 kitting 

ttJP3*07/120, 743^(0-ffiM)ggtaST-fcS. 4# 
ffffiM#S07/120, 7434§-f*1986*£ 7 JU7 0 t'tiJM£ 

wffligf&06/887, 178-s- m&itMmatiT^z) nmm. 

[0 0 0 3] 
[0 0 0 4] 

*BWST8!4, 980, 806 * (389!;# : Taylorfll) 
[0005] moRgw^xAro^^sij:, 



5. 9rfloffiinSbft«:#SA:at>, i*wt)9f^^i 
6«Jaa»KJ:»)tta$*ifcJRM|lilK"Tf*)oT, 

3. 

[0 0 0 6] 

[0 00 8] *3g?q©^ 2 <0 B Wtt, 1 oglicDft!!^ 

[0 0 0 9] ^^OSfSWB^H:, #^<0^/i5^-r 
[0 0 10] *?6?qw04©B6«j»i, S'Jao^V-^s 
[0 0 1 1] *%W0Dff5<DBW»i, 

[0 0 12] 

[^JS4r^-fSfc*ro^S] *|6W<Dlo<o^>-7'y 
[0013] r W©Jffll^S«, ( 1 ) s<y* 9MW\t> 

faJflpi^TAi, (2) l^SWv'^fAOlOfiliffl 

y-^ ^^7^ • yn-fes/f-^-g-Jtvfclg^ 
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<-i9^$tl<5„ i&mayy— ,V2 4ttIM^7A 

-(cue) ICi 9 R££ft^floJlljpja*&gH-s i 5 
fcf— 7*1-5. Vm^V—?V2A\t. 7>-?=L-yh 

2 8 t UT*-f . 

[0 0 2 0] yVf=i.zz.y f. 2 8<Oj;5/i7V7'3.= 5' 
hWt, -tn^tl, =vy-/l^2 A^^.XJ-^yyy'zi.zz.y 
Y 2 8 <DP^-Cfi!giJtii^^t?# 5 <fc 5 Kl-j£cDT K i'* 
$r^1-5„ f-?yx^2 6B > $6>K, 7^3 0© 

r • yyytiz&mLXhi. 47^7*3 o*>iu?3 2 
2 4 (ct 9 jxs ynzi. *> mm+z z. t a* 

&fWtU*> OICJ:?), 7^7* 

2 8' coi5^"5ie)7vy{i. /^i, f-zwhir, 6 

*r*9A" yy-fs O&kVyuTyyy'a 2fi-£tf>3fe 
&#MmiStl&. &®*)&Z.®M3 4&maVX, ^7 
7*/l-- 7^7*3 0<D&hffl&-$-Zz\btfX'% 5. *H? 
2 2«rfis.ffi1-5-ig(0 O^-j Z£$\z x m 

10 0 2 1] mi \Z7fcfW.W*s*TJ>. 2 011, «©7 
io^nj/ K Myitis 7^/a=yh2 8©J;5^7 

[0022] ua>u HEs<o#*£«aicMu re>i?fc 

yVZfz3.zz.-y h&&Wm&mV$>5>, Hgg, Mony 
^a^t-bWtill 0 0 om<Dy>7=--y 

i*\ im®&XO£*z.-\CttLX. £7 V 

7**&K7-f7* u«rtnix« fcfcv >i £ 
[0023] m-^7A2 o\o:zmmy)%:\x »fc 

»ftfcaQEfclBI»l3ii\ ^n^ASftfcijjfl^&ft 
Lft ttixtf ft 7 vy°<o 1 oa*7F]Ea»a£#1- 

»-'c» 3-7 ^^SEict&^-r 5 r t a*«g>Tgg-c 
[0024] jgtw©s»{td»wv^yAT»tt, mm** 

r^O£Kffi.\c*tLTs-<y*?%*:tl*:tl&fe-rZ<0\z. 



V7*fc:E?&K:i$j£$;h,5 r t 

*&m\z&2>mmi'xyj*2 o«, zfrh<nmw»&< 

[002 s] ni$&W<r>mt.<OT4<rJ>.ZM®-tz><D\z 
W%ZixZ>m.Wi'XTJ*2 Oom^rfu y?®$;®2l£ 
^-f. fflflf =* vy— 7U2 4 (Ix-^ !)y^2 6 Sr^LT 

»^gSr»J«1-5. -r-* y 2 6 tt^lfi]/-;^ 3 
8*3^0540*^. r-^!)^260/^38ll, 

fil«i3yy-;V2 4J:, I5?^7A2 0O#7V7*= 
■f-5 0 ^^4 011, IK->^7 A 2 0 ©^7 V7°J-^ ? 

h frbtem = y v—fr 2 4 ^<n*r—*> mm&mt-r 5. 

[0 0 2 6] yvzfz3.zz.y \. 2 8 {C^)Dx.Tj§l)DLfc7 V 

h 4 2 ~ 5 0 Srig 2 td^-t-. 
[0 0 2 7] ^2 614^2 2©^©^ 

^26 Srsreiai^tism^a-s'^ h'<D^ma a t 

egrity) 5r^f-r^fc«), !) f — ^5 2, 5 4, 5 6, 

Knits sm^i-fxhic y^s2~58it7- 

[0 0 2 8] W#=>-y-/V2 4tt,' yl/y°=>-=.y y 2 
80«t9*i»)7yySrM»1-5fc*«t-C?/<£<, tyh6 

7*-^ !)^2 6i4©Jffl)ft-t3^-^ 6 2 leg 
^L.T&5,, ft!l#^t-§-3^/<-^6 2(4, 7-^ V 

©W3fe8S<O^U'— >-£7V h-t-5fc»OT7- 

[0029] mm^yy—^2 4«, ^wta^wfe^) 

t>m^«l«l34, fiffiO'<7^^1-7y7'3 

0 1 5i 9 e> tLfc^/w • y. 7 n - y <d i 5 *tiW SrlSI 

«-r5©{ctfflv^rt^-et5„ 7-?y^26« 

^W6 3il, W<f^-=iv^-^6 2<0J:5tc:, 7* 
2 6 &-frLX%mZtl,1t7 i i??;l>iB%-&Ti- 
*m?rKm8k-tZ 0 z, or i-arm^c 
*.«MB3 40*'<I^- ^a^stg^^tvS. U6>U « 
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km <o &z.mm 3 4 © 5 *><ost£i- 

[0030] roipJ-flf^-tSr tJiit), fia^* 
6 3W3tS^®ttJ^>d^fe*iJffilW^Sr||S6()|c5>|S(li-5 

100 3 11 !)t-^52-58li7 f -?!)V^26-. 

Kfan out) J £v^tv5 0 
[0 0 3 2] te<0|S-&T^^3^*Sr3Vy-/W2 4 

y 2 6 & y f-* 5 6*> MlWfay^-^ 6 4 

So 

[0 0 3 3] ffi|^3>-y->rV2 4tt, M»$tl5^f 

W^iW? M7-*j MfMflB 
ten vy-/W2 4 *&tfttft®KftKJ: 9 

5. r ©SlWH yYV—l? liffijjfy 8 0 

tf. Po*Tr)/<*8 OHJlJffllnVy— /P8 2*5«fct)?8 40 

fW©x-^aftycr»tT-/<c<, $ii«9=vy-/v2 4®|fc 

*r— ?m@i>m.j&1r 3. RaW~>^7 1 A2 0«DJt^tt, y 

[0 0 3 4] Wi3^y-/V2 407Q y h^;V8 4 
Sr03lC^1- o 7dVh/^V8 4J47^7'=--s' h2 
8(Di5ncSS!){t;7V^Sr-e^tlKgE©Jffll-t-5^ fo 

015^80*^8 8, 9 0, 9 2i3i:Xf9 4mmfe<D 



f?5. «-0$Efl6o3;#.9 6, 9 8, lOOioitflO 
2tt, =S-7V^*fL, /<V(pan) TVWMtilt) 
3tS (intensity) £, X-i» (zoom) £*;h,€;h,$« 

-rs. *- yf- i o 4«f±7 , y -t? y h&m®.<o®m 

5rW1-5. *fc£©fig9l3-3.-(cue) YT (store) 7. 

^ y^i o 6<D&mz£*> =»y-A" **y\£At)£ 

[0035] ^7XH7^? (grand master) 7 x— K$3 
1 2tC<fc«J x it©IWfXfA2 OJtJKtC 

5. Bt*5 (black-out) 7-fs/^l 1 4 fi7 >7*£— g(C 
7 n 7. 7 x-^ (cross fader) 1 1 6 3o<fctf 

11811, 

-ttL-?^ *^«1 2 0*5«fctfl 2 2IC 
£9**£ft5<> =f-a-ittt*-^yKl2 4tcJ:t) 
avy— /V2 4d^3iv^$jx5o "s" 
Sr^ bTl-5fc*©^W-c$>!J. "E" ^-li*ffc*^ 

^^^fcmffi© ^3.-14, ^a§l 2 61Ci !?^^tL. 
5. 2 8«:^10*=.-<Ddr3--#^- 

[003 6] fm'<*» 8 4 7 yyas y h frCft 

2 0l:tt5^fa-^ hTby a-^recalD-t-SC 

[0 0 3 7] I#3yy-/V2 4fflia7'n y^SSr^ 
4 t^r„ Hff = V y-/W 2 4 <D±ft$)tj:®mti CPU 
(cetral processing unit) 14 0 l£<fc Ufr 5 ^tj ! "P? 
5. CPU14 0tLTffiffli-5ftSW«£^"f^nyn 
•feS'l^t LTIi, Motorola<D6800SdSfo5„ CPU 1 4 
Ottx-*/<* 1 4 2*5 it/T KV^/<JX 1 4 4 (CflSR- 
UT$>5o Hila> , y-^2 4tiRAM (random acces 
s memory) 1 4 6 t E P ROM (electronically progr 
ammable read only memory) 14 8 i:S:^ri"5. ^^]) 
1 4 6*3iU!l 4 8l4ffi;<7i:<fe-7 r -*^;*l 4 2*5iV 
T KU^/<^ 1 4 4|r^LTfc5 0 avy-yU2 4(0 
ftbwS^ro^ ?>-f CPU 1 4 Oft, ^ ; eyi4 6t5j; 
U5i48ic:*fL, Stii^ ^WtSrfT5wi:^-ct 

[0 0 3 8] '^-Y'TJX? • Yy47\ 5 OttMfla 
vy-/w2 4^K^T$)9, 7'utf7j*isi.xf 1 r-9<r> 

• K9W7*1 5 2d5|S:^r$)5„ «W£B1 5 411 
/>-KtV**« K9-f^l 5 0Sribf^$-f 5-t5tg? 
^3^y— /V2 4 K»S 9 ©IhIK^x— 
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1 4 2i3WTKU^l 4 4S:^LTg^LTfc 
5 0 mmz. yuyV-f^xt? • K?-f^«WK«i 

5 6ti\ 7n>;^7^ • K9-Y ^1 5 2Sr^u 
-H-J-5J:5fcSHtt$iv ££>lc x x-*/** 14 2*5 
±tf7 Yux^Ts 14 4 fcftifcLTfcS. 

(0 0 3 9] 3yy-/l/./^;V8 4, -T&:b*K =V 

y-/w./^/V8 4(cK^fc^-f^^i:, ftiHi, 

-fSBte, 3yy-;^;P8 4t, r-^^X 1 4 2 
*5<fctf7 Kv;*'<* l 4 4 iKSBRUfca vy-/W • 

So 

[0 0 4 0] aiMfc^^asy htcoaftri, DMA 
(direct memory access) 0K1 6 4 t, SffftJ^gl 

6 6 Manchester^ V =3— ^1 6 8 &f8^Xlft>tl 
So x-*^* 1 4 2:fc<fcl/7 Kl^7/^ 14 4^ k 

dmaIhIKi 6 4&£traftMtP&Bi 6 6 Kg 
$cLT&S 0 ifc, DMA0K 1 6 4 fc®«fW»SBl 
6 6cOK-eiift^f^Jl5o Manchester^:/ 3— ?\ 6 

4HattM**igBi 6 6 brnxfa-emiMZft^, a>o, 

[0 0 4 1] 05, 06, 0 7*5*1*0 8 tt, 

ay^yF^tet 0 6, 0 7*5£tf08 

[004 2] 05£ift9^5o iS^y/'/oty 
* • ^rA 1 7 8 £*rTo 7*—* V 2 6 fijgfgft 
^^SrWU rtt&aSS«5>f ^lc#»*B»l 80, 
1 8 2#&MLT&S 0 T r ^^y>'^2 6C03i§:ft7^ 
18 4C«Ltfe5o ^^^f 184 
i^i//^Kl86lcJ;0ffl$ii, y^^Kl86 

xyp-^/^-^i 9 o (Harris Semiconducto 
r Products Division Model HD-6409) \C A# £ tlX ^ 
So lyn-y/fn^l 9 0tt7V/a-^ h • T 
K^/^l 9 2^iU 5 7>/^5' h -f*— 
9 4Kg^LT&S 0 

[0 0 4 3] 7^^- /Pt^t • ^7fAl 7 8te. 
niryU-2 0 0£^2k a>o v Y<0'<? * 9 

•f*S 0 v>f^nyqt^t2 0 OttMotorola Model 680 



t200H7 Kl/^/^ 1 9 2*5<fctf7 f -*/'<* 19 4 
fc8Ml/r*>5 0 7>/-^Dtyt-^rAi7 8 
£<bK, RAMfcitfEPROM^^!) 2 0 2 

fc£"fS*^-i^ RAMftitfEPROM^*y2 
0 2td* b7£tlS 0 -r^^n^nir s>1r2 00(t, £ 
S«flB5^^2 0 6feii«iJOa*/^2 0 8Sr 
ffl^T. Hi9ii^^3-^/$ft5t^[HlK2 0 4(Mot 
orola Model 68230) -t^LTHO &9«9trSftU 

[0 0 4 4] 9^ • • 1 78^ 

>f>^7*— ^*5iTJt^>f 5^0]»2 1 0 (Advanced 
Monolitics Model 9513) let 9SH*£*b"tt*5 0 4#£<D 
7^as;/h©lD(i, &15J&2 1 

:o I D(Wy^7x^fciW>f 70182 1 OKA 
#£ixSo BaMM2 14tt. ^f^7x^J;^ 

[0 0 4 5] ^^P^ntyf20 2 1 6 £r 

^lt^^-^2 1 8fcca6$n, -mommtBttSi 
^^-^2 1 8^&ouAi±Mfpflr^»« 
^^Jiwtf»rif3-y2 2 0fcfltt&*i* $b 

fc, 7^ • /Dt • i/^fA 1 7 80#< « 
fclMBa-^Kt LT#BB£ft£o <HflWt^»Ht^a- 
^2 2 0|C±D£j*Stl, «d«Ht^tLT, 0 6, 0 7 

[0 0 4 6] 9W/<*1 9 4Sr*Lrei3l*ttfc7 f - 
/<y7r 2 2 8»H«*&$ti5« ^7r2 2 8tt 
7^^*06, 07*5<tt50 8tC^-r®^CO/N°9^ 9U 

[0 0 4 7] s<X2 0 6&l:tf2 0 8 ±0#J 03i**5 «t 
VSIWfl^fi, h/^M@2 3 OlCft^SH 
So ^ b/^*J«SS«2 3 0 tty<^ 2 3 2 Sr^LTe^ 

^Sr^LT, 06, B74J±t«l 8 fc*i-/<5 

[0048] W9 ii*^ 2 0 8 0 iZv 

W9a*«f-fcL-CB6, 07*5<t 
VB8lc«-J-/<7^^*IIPBBK:tt|&Sti5. ^(c, 
06, B7*5±VB8O^?^^«|fP0BK:J:O^S 
^fe§fS?8^ft^-«:, /^2 0 6 Sr^fr LT#J 
=>-^/Sft»BlHlK2 0 4fc£i£$*b5o 

[0 0 4 9] 1 9 4lt S6K^ /<y7r 2 

3 8Kia8R$ttr*3 9 v /*yyr 2 3 8 ttDMAfW»ia 
K (direct memory access controller ; DM AC) 2 4 
0 (Motorola Model 68440) i:/^77 24 2 ^AAtfKF- 

^fireasLTv^So ^>^^r 2 4 2 compter 
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^-}4DMA$Mp[5]882 4 Ofci^f/n hayHJftl 

[0 0 5 Ol 2 4 4 J4DMAf6«[nl8 2 4 0*> 

iV7^fyn h sAiHf fSW§SfS 2 4 6 ©M©^!*) 
3 ^Va V t LTIr-T'StvCV 5 (Rockwell Intern 
ational Corp. Model 68561). x-S=i— P/ 1 ?^— ?\ 

^m$m.2 4 6 jmr-fixzumm? 

9 \ 9 0{cft-to m*<n>W$m?r\S.^^zf 
9 0©Ffl-C^m$tv5o 

[005 1] $J 9 ^V h C/c#£\ v 

h=i/Mfe|®)Slg2 4 6lt^?nyQts/t2 0 
0fc(^ltP>^fcSiJ!)ii^a^SrT-^-M-5 o 

0 oa^^JS&^SfMSM&WfrgLT, 
^^/n b =vl4«&B 2 4 6 t4»J t> i**^* Y/V* 
1 9 4 tm^1-5 0 tRflfW^Srcii, w ? 
n7°n-fes'f-2 0 Ott-^WlCffiatcfiJtJii^ fflt)3i 

[005 2] -ryl-^yn h a jHMfNIgC 24 6^^7 
h=A4lJ^fi2 4 6J4, gi«2 Mbit/sec (DU-Y 

[0 0 5 3] i^a-^/fa-^i 9 0I4, E4fcjj* 

-rzoKi, sftswgsi & 6 tmm^x*-<u- r 

U fJ#^'n-ty^2 4{c: < J:>)^yT/Hce^Six57 ; 

-fryf- • -^fA 1 7 8 »£i 9gftW8?&:7;*— -^y h 
[005 4] 7^/'yPt5/t-^fA178^ 

5'f•|HlK<D^--<^-V3y^wJi^Si:$^^TV^5) co 

[0 0 5 5] 7^- /ntyf • ix^^A 1 7 8 14, . 

TLfc^a-sr^-ty 2 o 2frb®m=yy— Mzfcg 

*T A 1 7 8 ttx-* !)y?26 ^LTgffi Lfc^n 
-K^r-lr^ b • 3-^ VKlOfc^L, *h7£B2 0 2a» 

B^fctg^-rai: pfc&oTV^. rixe>Sr|g|6, El 7 



*5itfE8fc:7iM% 

[0 0 5 6] B6«r«W-f5. El 6 14/<;M * • 

2 5 4 5r^1% a'? p« * . h'747®f& 2 5 4li 

V(gobo pattern) riSjlJtcFtvS. v-f^n7*Dt 
2 0 0 |*H 5 Ic^-fi 5 fcf&J#fc.fctf7 f -^*£ 
^TL, *J^i*3j;V7*-^/^»7s'f-2 5 6*5j:V^-r 
•^2 5 8-££&bT*>4. fl«.|CjIfctftL9i&&?4 VJ3 
4tfgfMI^7-f Vf4, £P>fc, §IJt)ji^V=i-^[pI 
82 6 OKg^ftT^S. 7-yf2 5 6 lC##£;tWt 
T — ^ 14, $RBt<0 7 >f V -Hi" L T P A L (programmable 
array logic) 2 6 2lCte)£$Ji'5. PAL2 6 2tt, T 

mag®2 6 QKmbtizuw^vY'nm&tzsii&t 

£. ^y-«4i«2 6 614, 7>f^2 7 0^Lt^ 
r^t-^ 2 7 2 K£i£$ft3-«©^17 

7'<>-p2 7 0±<D^I7-^{cJ;t5, 

2 7 2*4-jico^ryyT?, 3fSroA«(£g* 

-eSK. 

[0 0 5 7] ?-f?2 5 8f4*T y^t- * 2 7 2(0^- 

fc©^-Y$V^ffi#(4fU«Jii^>'=-y|Hl?S2 6 0*3 
4,tfPAL 2 6 2C0^»C«if&$tt5; ioT, 777 
/^-^ 2 7 2 ^g^^x-s^g^^s t #14, 77 
2 5 4 ICt 1 -^ t LTjgb*vS*!lfflI avy K*S-r-f ? 
£■^^2 0 0tCJ:9^§n5. 7 7fSJl&7 
-^(4, OV^-e > PAL 2 6 2 l£6oH£tl'<5o PAL 2 
6 2F4^cDT f -*£»J«i^-fc£&L, #e>ixfc»Ji»ft 
*f4^l7-liitSS§2 6 6tC,J:!5iHi$*v, 77y/^- 
9 2 7 2Ktfci&£;h,3o ^5/^-^2 7 2©«t 

*fc(4^ft5t^©='-v>' K^V = -y|HlK2 6 0 

LT^^D^ct7t2 0 o»ce££*ia„ 

[00 5 8] ^5 * *HsW!hI8b 2 7 8 SrE 7 t^^-r. /•« 
*7*9MWm&2 7 8I4jK-^> 3 >Kttn*4S»i:-r*« 

I4, '<7**W$m'&2 7 8J43oO*^-yl't5j;T/l 

^!?(4-fev^4r^r-t5 0 ^ry/^-^tciUfe^-f- 

*^-/H4-fe Vf- 2 8 0 K 4 «3^$ix5^-^-t-/ifc> 
■^^Sr-^tfo 2 8 0»4-YVf f S'^7 • ±yx\Bi 

*S2 8 2lC4t)^V-h$H5. ^SM'fyfy 
^7(4Ji<iSg2 8 4<D#£S5A#ffi*K#jf&$*v5o @ 
)tSS»®I«:S$lS2 8 6, 2 8 8W^W— >3 VIC 
£9K!5A;Wffi^l-ttj££ft-5 0 «tISS2 8 4^e.»W 
Att^777 2 9 0KffcifS$;h,5. ^ 3 '7r2 9 0<DUi 
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•r-r^n7'n-feyf-2 0 0IC#ijS&$^5 0 # 
#1 9 ii*-©£<i$S&fcf < y 7 r 2 9 0 

10 0 5 9] 08 to:, ^yfcit^^vh^i^^?^ 

>*flJ#PlH]K2 9 6$r*H% 04£^-f.£5lw, -vj 9 
0 0^b»x— £3E7^-K 

co^a t <nmi5 * 2 9 8icwjis-t-5 0 mm 

J: 9 SffiftMWf*-* - T-tnif^mz o 

2fc£«;/j£;h,5. ?i?9*> T^-o ^15^83 0 2liT 

&3 0 4©#&«E4SFH<:A;*>£*iS. FtV^WBSS 
0 4<D 7*J8?tt*-* 2 9 8 WJg^KgS&L-Cfc 
2>„ l§J&fr3 0 6tt*-*2 9 8<D&K£SimU 
i-5T^ni/ft^-SrK7-r^li<Sli3 0 4©£|SA;/jSig 

-*2 9 8<Dla]te&££&Jt-t-5«> Ti-u9-7^9* 

—tm^t LT-^-f 9 n^c-fe ^Ir 2 0 0 K&ffcZti 
[0 0 6 0] 9 298tt^7?f 31 2 STILTS 
3-^3 1 4fat><0 20(OMt>tt^ **1^PWB««3 1 

S?3 1 6j3iV3 l 8 2<OA*ilfr7-rt, SMfciU 5 

5„ ifl6§g3 1 6*S<fcTJf3 1 8frb<Omfift=iy;*—? 
3 2 0 KttifSSJtS. = >v*— 9 3 2 0 ttTta ^ • # 

n ytms i iwate&foHuWM/rT 

>-*Vy9 3 2 2KBm£tlZ. Tyf/fVs • # 
!7V*3 2 2a>e>CDm*ti:, ^e— *2 9 SOtfi'v'aV 
Sr^1-fccOTfct), *f—9'*'**'fr\^X^'{9n7v J e. 
yf-2 0 ofce&SftS,, =>v<— * 3 2 OttSbl-fi] 

0i©W-C£&£:h,3. 

[0061] y 2 tela 2 ic^-f # y tr-^t^ 

09-C$f>tC^L<5*'<5 <> yif-^52© 

awn, 7 ht k*>\c*:<Dm<Dmw£frz>x 

f-^-T^xt, ijinyy- /v2 4 iroRfl-e, Si 
Jix-^eiaiSrtTpr t(d$,5 0 ]) ¥—9 5 2^-9 
]) >9 2 6tCjE?iHcgiggUT$>5„ !)f-^5 2ll^ 
3 8*3j:tJt4 0lC*fL,^*fpJiii«*?f ?o y^y^=-y 
K*5.tUt3VV-M±. *rft*rtV (source) *5<fc 

U^^T-f^— >a ^(destination) t#^.5I bftX 

§5. ©J«3yy-/v^y— ^-cfot), ^y/a 



9S2*mmtz>. 

[0 0 6 2] !)e-^5 2lt $r$L<tt5 OGfcii? 

^m5/^3 8, 4 o&jn,x&m7 ! —9Z9m'f 

ZXSKWtftLXhZ. !)^5 2li, ilHt-fe^^a 
^3 32, -rt£t>h®9\C&-r±&t^ 09OTSfl^ 
-tgtfir * > a > 3 3 4 £ tGIS. 

[0 06 3] x— * y >-9 • 3 8 r±fflE323 36<0 
A*^J«l^b-C&5. «£l§?3 3 8&XV3 4 0 
tt, /^3 8W2*^it/7^h'tom 

fcg^L-Cfc5„ 9*-* y V9 ' 3 8 \m 

C<^7^KL-fc^-/wKSr^i-5o 3EJES&3 3 6 0)2 
ifc(Sltti#«g$§3 4 2W#KteA^«g^tc:^L-Cfc5 0 
•5rC0gteA^«^«/MT^fiSi«3 4 5*5«fcT*3 4 4 
©WKSMLTfeS. tH@S3 4 2<DRmAX 

m- 1 97 y k t ©pa k = y-y- 3 4 6 ur & 

[0064] iiiti«3 4 2 Wffl^jig^ fiManchester^ V 
3-^1383 5 2<OKl3*& : f-\C&m^XhZ>. Manchest 
er^V3-^lHJK3 5 2^e>Offi*H, ^fy/W3 5 

4Sr7>tx, ii&.±.<ommm&7'(> • k9^/<k* 

e>ix5. ^3 5 4cotiJ;/j*Sm±lotf>;i<Ei.fc5 

t£7-<y" V7-<'<3 5 6t^i^LTfc5„ Sfcld. 7 
W >- • K7-f^3 5 6^C>©m*«:, ytf— ^52<Oi 

?7^-7a ls\Ctem.1-%s<*3 8Kffl&\^XhZ>. 
[0 0 6 5] &m±9iS3 V3 3 4fli, /^40ftf 
JE3£3 58ffll JJc**f-KSWUT*>S. l£gtS§3 6 0 
*5it^3 6 2tt^*4 0(Omm^XXf97yh'(Dm^ 
MbtfcSo y ^4 0O*/-A'K*^?yKt 

SJE8S3 5 8<0 2^Cfi!lltii(SS&3 6 4<D-^r<0 
X^^XzWSi LXh 5. 4N» 3 6 4 ©SB 2 ©A^fiS 
^liS^i«3 6 6 iJgffiS3 6 8©/- KtaaHbTfc 
s^y-^a 7 0tteStSI3 6 6 bt&tfi&3 6 8© 

[00 6 6] ItfflSS 3 64 ^bOW^ft-^-tt, -( 
* 3 7 2Sr7rUTManchester^>'3-^'3 7 4<DA*« 
$e>l£, Manchester^ V 3— ^3 7 4(0 
ttitHtJ l"*-9 3 7 6 5r3>L-Tg«)y-f >- • K?-*-* 
3 7 8WA73*SS^Sf$tt5,, K9W^3 7 8 

ii^Otti^l*, 9*-^ y ^9 2 6©/^4 OcD^ifjjg^- 

-^2 4lCfp]J7S*\ fe5v>l*y f-^ 5 2 (O J; 5 
©y f-^<DS«"fe^iX3 V|C[p1»7T$>5. 
[0 0 6 7] Manchester^ V3— ^3 5 2jo<ktf 3 7 4 
tt, 1 6MHz <T>9vv9 • U-WXtiZ&lfctZ&m. 
S§3 8 2»Ci«)fgS)$n5. !)^5 2tt, $e>lC, 
Set5S3 8 4*3^7/3^7*^3 8 6 4rE?lJ8a%Lfct> 

%J£Mb97>'} t <»m\c&%tLXhZ. J>'<-9 3 8 
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8 «-5rOA^«^*5feJtS3 8 4 t = yfyl- 3 8 6© 
S-h'lC&MLXhZo -f l//<—9 3 8 8©fati7jiSH^i 
1 ^ 3 "^3 5 2*JiU!3 7 4©CTSAA«fCg«? 

tr&5. -O-/*— * 3 8 8 ©tttfjj|fr?-i4$e> 

-^3 9 0<DA^«g^tCgiKLT$)5 0 ^V^-^3 9 
Oft-e^ttl^flg^S^ya-^ 3 5 7 4© 

ft, ^1^3-^3 5 2*iitf3 7 4(CA^3$^S y-fe 

f-iy 3 V-Cft x y ir y h&g#fig^ 5 % (high) 
*>, Manchester^ n-^fi, W*^m2S^fi:A$Hfc 
(0 0 6 8] *^Wi-#5jUSfi»|-eB:, Manchester^ 

='-y/v ! ^—y, wx.&, ^=1—^3 5 2*3^^3 

7 4t, 04lt*-f3i>3 — 6 8 0i5^t<0(i % 
Harris Semiconductors Products Division Model HD-6 
409 £{t;tTV>5 0 Manchester^^a— ^3 5 2&3:Xfi 

3 7 4 h-m^x^^cwsm^ w</vat»£ 

ZtlZt. V • *- K#iS£$tv5 0 i ©Manche 

ster^ V => - ^teiUjgx - * • ^ h x ) Zi. 
. r-U. NRZ (nonreturn to zero) 

tiJy<—?KMt>ZtlZ>m\^ V^BSKretim 

[0 0 6 9] ^M<OHlg0!|OT^«e!|$®tfi, ^^VT'a. 

klzhi, r©#1fc$ij#pit < fc!> > A/fi/^KOavyK 
^ = yy-/U. ya-ters/f-iciO^^v^- y Htr 
W^^*s/^$^5J;5IC«Co-CV>5. t,*v& r^n-K 
h • a-rv Kj tv?. #7>'7 , '7'ntyt 

£ifclt x ^7y7"ax y h©#/<7^^^ h7t5 
■*©TIMllfc*r*, flfctf. #Jfc©*7*3"<*-**0r 



[0 0 7 0] :^93©3dlffllK:fllSV;t?*tt. ayy 
It, r©»UUfcA***/MR««lL («*.«. My 
fit^-£\ ©'M' U"</V • y y-fc— ^"C, ^SB©7^ 

^u©3WKSr«!a-f5g5Kti, fS-9v^3.=.y h© 
^ntyfli, ftfe©7V7'3--y h$fctt=»vy— yvt 
o^BMSi W&tf, =>vy— /u<D7x.~- ff 

«rft^Ur*3< iv>5¥-©y y-tr— ?V 

cHry-m, ^a-(cue) t©ffl*©Bia»c£-5#, y 

flVN, ^v^-arry h©«f'(o:(±^:<T^'r-<7*lw/ < c5r. 
iist?f #v>fc©kfc5o soif*<e«j*"CH:, BH^y 
3-/^©*=.- • y-^-y i4±TfflgiJ©=fr7V7 , 3. = . s , 

Mc#U^a— ♦7*— ^©afc*-S:«»1-5. r.©^y 

^ryrri^^^BMBfiaKifia**^ 7 y» 
[0071] £t±56-<fcr 9 tii, AS 

9 s — nafc'tt, r**>t>» 

©t? v *;->^xA©3a^<tu t ft!ffitt^rS]±$*5r t 
#-ctfc. *^-7-^5#7y7"3^ 7 hi^ 

-^©aE^HlU^ta^ilS^v K«©d— */Pfaie3fi 

©eai-eiffiWtei^^tts. ^yya-? h»^s/,c 

T^r^fr-fli, te©7^y°-3.=. y h©T^r-f tr^ 1 
-<f^B8^*<. ^o, ^ v y — e> $ b C7- * 
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[007 2] ±j&L1tZbK®MlsX. =<>V-;Vtt 

m i oris vv-tv • yc-fc y^-a-^ro^^lB?: 
-y->?-yf- • /w-^^M5«fnc*^/,ctsig^*fc-f 0 

[0 0 7 3] 3yy-^©Sl7'D^7A©3*,010 

[0 0 7 4] X-f y^AA-feV^^yP-^VIi, fc* 
*-f y ^#J? T $ *i£ 5 v >tt:f¥T#6fc $ Jifc t § 

^p>^5T^va yzmfe-tzmmvx? yy>T?& 
t\ i^cisg/w— ^ysr&jfiiycv^troas&s. 

[0 0 7 5] = yy-/w. y*n-fe:s'f-^^^>o^ 

Tt^y^-^A^jfeSyp^yAH, #iy=i-$rfc 
tt-TS^yy^ffiSrS^thU ^o. tffcfcfl*, 1/m 



[0 0 7 6] yi-m^+ti'i/v-fyit £-y 

-^yi^W^pS&S^-^yiUTSfrtv*. Cl<£» 
>v— ^yra, ayy— /w-^/Kcfo5^7-Y^- y^ 

^7 Afi, £-7 • -fe yiM5JK<om«A*ffiSr^ 
Tt^y^-^ATJ^yn^yAO^ 

1-5. 

[00 7 7] {fcgy yt-i^ir/n^J Af4, £V 
^fci&Ooyn^^ASriiir^S. <@* 

£i^y y-fe-i yasayy-A" 7 , ot 3 'tM# 

^jiS^-f-yfci 9 , y-fe— y • 

^yicitj^^ns. :©/^7 nt, w<o 

[00 78] ^ft7^^ •X-f^y > WffilffllSijyn^7 

Ati^-y-^ry-^^ifjATj^^ ^yy-zv-ya^ 

5„ rtif>Of^^7n'H: 1 ^o^cD^-Yyf-ATJ^ 
^v-^yiriOW^ti-S,, ^7^^-7-f^ 
W»J«IiJy'n^7Att x jS^/i^^y(w*fL*a<o©j# 
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10 0 7 9] JMgld, ^yf -7 >m«I^B ^7 

[0 0 8 0] Si|yn^5A?r^-rEll Oil, H&ttttfr 
tttt£ Ut7° n 7* 7 AI4Iij7°a 7*7 AcdS* ©A—^> 

#J"t5:bfclo<07*n^7Att x iIff , g : Jl7''n7"7A£ 

y-;>*3J;0 t I$O7y7'3.-7 h©ra©ei§*7 M7 

-Cfi?#a£«Iff £ < i: Sr«fI1-.5cD^figT?fe5 0 

hfc3^Ufc»»MIW> h©<53£ 
te. J*S«jfcaUBS*vO*5 -fit 

(0 0 8 1] iim^ayo^^Ald^oT, 

y-fe-v? • r KU7, i-Jitj*,, 3-BU©7 • r h'u 



$/7r AO^^^a^y htt, »t©7V7*3.= y h 

•9, 3yy-yl/-7*ntytS^|:it)fiA|:7^t 

ttyVfa.^.? hti:, 7^- T K^Srgffl-fSr. 

wilc^^o — *\ ^n-K*t^ h • 7KW*l*, * 
y Yy—tft<r>£x<D7v7=i--y y&f&g-r fern 

[0 0 8 2] 3yy-/Ki2o©M3^7^!J-C3 
TV K • y y-fc— S>|Cj* U ^o- K*-f7 h • y 7i? 
-V*>£T}m*<D7 y7"a=y h • y y-fc-S^JflJ-f 

T\ BEflT^ 7 * Cl^-x-? U &7 

*IC$rfcfc&J8$;h,fc7V7°3-=7 Hc^g-TS,, 
*7A©flfe©«£igti:£T7*n-K*^;* h • y yt—V 
fc± *)*fc$tv5„ y*n- K*^7> h • y yfc-$?ra, 

1". ^a-^v F • y y±-V*7n- Y U 
^O, y^-7'^y YK$;,®1S*t%Z.t\C±*). 5V7* 

tryn— K=¥-lr^ hb, d^o, €-7 y7"a-y 
^^-^Jffi^rtld^d^WS-t-S Z t *«-CS -5 C i: (c 
J;?), dra-lfS'r-^ttavy-^- T^n-feyf-^-g- 
»lci0#7>'7'^-7 h>4^i*O t W$n5„ -^tA 
±»*-««IB{kSixSfc, «ft©3tff«flc. #7^7" 
h<0&%b-rZ>®mK, ±X, 7*n-K^^^h 
•yyt-v>©ttSW5„ Z(DT~*<ry-?-=.T\c 

it), ^3-©^a«, =^y-/wcj;t)iiig?«iic7*- 

i-3TI±at>^,CV^l,, =S-7>7'3-=.7 h^fcayy- 
/Hi(Rj(tfc^2fl:^S' ^<0^>65=ivy-/KDl|: 

ttioh, ^>y—/l'frt>7>7'^-y h(OfflOttftlt, 

TVS, -tro^, #7^=7^3^7-/1,.^ 

rt»4, 7^=7 h^b=»yy-/Hce^trs« 

aftfa^n^^Atta^yK. y y-t-^^fl: 
ai-fSrirfc^S. r©Si3ICJ;*) x i^^fctt^wfife 

[0 0 8 3] U^L, ayy- • 7° c ir y f-^g-g-^s 



-12- 



LTV>*V\ Zt**LX\,^Zt. gtt&e>*v5 0 &y 
i/y*cx=y Mr* 9e^$tv5S^Lfcy y-fcr-v^ 

$ l ©fciilcj&g ux a v y-vw • y n -fe 5, -^wtas^.^ 

3\ ayy- /H*7*n— K^^x h • ^ yU— 
181-5,, ^y-fe-v?^esi$tbfclHl^*f-|£;-t5liS*# 

M-to^yy—zi" 7°n^7Aic^oTa>y— /v 
©«t 5 s^-v&tthnmfc-rz,, #£©y -y-t- 

W!^»*jf h*»b©Jfc*:«:ifcgi:1-.S#£\ = > 
y-zw/at^wt^t,, SfllLfcfcS, r© 

j£g£:/ny*y.M;:JiU &©;* y-fe-^cDe&UlJfca: 
[0 0 8 4] HffittttSrLfc^n^TASrjjH-igi 1 

7*yAf±, 7-<*y • 77^- f*TA£g£U 7 
>7^-=y h • Sr. J«#U ft^a- Kt 

y-/V- x—^fc, #7*ny*y-<r;7>- avy-yi^fg 

ftS. -?:©to©£T©,6iT\ 7 74 ^m^o^ 7M.it 
fcRtDttX-^U-htZ. 0^©H#ftlt£L;fc:7* 
o^yAtT'^^^^-^^ayn^^ASr-^tfo HUB 

©, jljEftTyf a vS:Sltfi"S<Olr£,®/i-r -<yy • 

ny-yAft, ^^©^©-YV/y^M::^;**!, 
S^ftSrV;*.:? • Ky-f 7'Zffl®1-ZfeiE&&mb? 
5. r©BK|4 x »l©B§#ttlt£Lfcyny*y^:H»|fl. 
«^3iyn^7Ai:LT^-f 0 r©0SM*fl7 , a 
^yA|4n>y— ;no7ay h/^^±CD^^7^^ 
7*W •7V^yo?1^loOy/'W*©a-?-:/K£ 
&fflU yroffig^^yV^TV-f 
-f^l-Sltf+tt*. Cft6©W§W:, -jftttlw. 3>y 



1" 3 © * ©gfi?Sfg* fcl4gJtbSr& 

-f 1*5fc«>©7V.*/W -x— *©*?y:7°htfs, 

*yV-f • 7/M^«Mlili*t7^ ■ TV X7"W 

• /ny-yAKSgSftS,, 

[0 0 8 5l *y • ^7-l-W7'o/7A 

3 ^£fctti^©^3£#8-f.5 0 7 vy*a.=y h • a 
*y >tftL-rmm%M7a y*y AfcJ: *)®to£tiz> 

r©g-£, *ffc«c:giKLfcy>-7 , 3-=:y h^t> 
S^*ti5^7-^^ • tf y M^LT-S©^*^ 

>a vsrtg^y vycr= y hsrigga-rs,, r*ve>©#* 

x-^^ • try Hr*fLT^7V-^Vi65^$^-5„ 

^y-/K0g|f^*^-r5 o H?-y • y,x- h^J 
»7*ny*7AKi»»*fc$*v5«te©(f>|cW:, m*.lf, 
feto7>7*=*-—y Y • zfvt ^7A • =— K?ry'!7>-n — 
K1-5«l6t, y >y°^--y hWS^a- • 7-^ 
Sr^^Vn-K-f-S^fgt, f*©3yy-;w 7dv 

[0 0 8 6] y^y.y • y,y— hgi/c ^y A(4, x 
-r^^- Ky-r^(c»-r5y^^^©lfA*fcr±5&»)W 

r, nvy-/u- y*o -fey -tfgij tjji^^-fS., SSf$ 
Sf-f 5©$r*±-r5^®S:a*qi-5ittt, avy-* 

©^v-y-frioT&tfig-efcs. mn-ft^mzf 

ny-yAliit), ^©^5^881(1^11*1^, a^y-yW 
.^-tU—^lC^f+^TV^So i©«t5*^ffi(4x-< 
^^©iglE^ija-^r^y-f^^ • Ky'^'ytff^5£L^^^ 

[0 0 8 7] #3B9Hc«fc;txtf, E^ICH:, ]) Tfr? 4 A 

• ^Dy;7^?r#y^7'3.=:y hfc7*0— K^T. h 

1" 5 «t 0 \Z&Sbi-Z* y h !7— y • y T^-Y A • y a 
^•/a^AiiM^S. yr/vy-TA-yay 
^tt#»4B#*3j;Wra©ffiffiSr<i^TV^5<, r©y- 

i©^y b7— y • !)7/V?^A • y ayy • y°ay*y 
Att^- K y * r ft •) i ») ea^k $ ix5„ 

[0 0 8 8] IE«©«S^WgE[ffi*fc«^3-OWI^ a 
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>y-M^Z(o^yy-/u±(D^y>y^^, yvf - 

h<oi: 5ft *y M7-^ • ^t-FM/d 

try hoijfttfy Re*'), ±JGLfcJ;5fc. 

h*»b*f>lf Lv^y— ^^flMltrfWI-C* 
(00 8 9] ^/u^^/HWWJSB* y h y-* (O^U 

S0»3^y— /us 4 k. im$m*>y-;vz2b. iM 

mmmmms i fcoflic7'--jraflrttHti-s 0 100 

-Y >-^y y > h k IT, 8 0 i*r-* V>?26k 
BI«fc«ftttt«jEjlSnT*J5, 8fJ»=*vy-/W2 4tt 

S^n^A^x-* y 2 6±(OT^tV tfx>f £: 

^yt-^-TK^ ~?t£t>h^ fa*<D*>y—;l>. 
T Kl/^*5±t?^7A • T Kw*HU B-l 1 <Z>I5i££ 

^/HKBfcHffittttfcLfc-SOT HwifceaiLTfl 

[0 0 9 0] SW^vy— /U2 4\C£ K> i/XyA • T K 
^fciSft £*i3y yir— t?tt, y:y:/jx- ^ hrt^bg 

ftstut^x-** •'7 f -^ • y y-k— ^t, y^viw 
Wavy— /u<BBfio**<a*x— h *4)/%m* 

■fe-: mm^>y—^2 4, 8 2, 84*>£tf 

y^hflHMSBs >y-/w£Ei« 

*t5rt#tt5 0 «W3yy-^2 4, 8 2, 84 
*5itKU*- h«»36B8 l^&ia^y-yWcSHtSF 
Jx5y y-ir— ^2 2o<D*>T:/riSfc5 0 -XofiJ? 



2/ M^f £*l£y yt- |^-<£>:7 hXh 
(iLfca^y^/^agij-f^^^^^tiSo ±3£L 

t ^ffi ^ ^ y — /v^r^SiJ-r 5 -r « ^ Sr^tfo :(0r-^ 
Kit), y>f >'»JI»3>'y-/H4*<oiE&§Sr5SfS3^y 

[0 0 9 llSJ»3Vy-;V2 4, 8 2, 8 4*>j;tfy 

^1*^18 ia^y>r^- a-vy-Aio&ff&ti 
y-f^j^^vy-yug^ic^ffi^n^y y*-^ 

Tfe5 0 rix^coy yt-^©tC(t % ^yoyy 
-;uco 7 a v Y '<*M$m *Wfet Z \*—9 <t 9 

*y-t-i?kft—<D*y-t—i?fc*s(>- ^IsV—Mc 

9, y-f> • ^yy-/v^ ■ f—9k, y^f^ 
?\^* YT ZtlX^Z>7* t?y 2*$iitz=>y—ASr— 
[0 0 9 2] y*— HWP36B<o«fcUTB:, ^^K- 

vy-yW8 2?:^^u^^ • 3yy-;n:t5ri:^-e 

6J»3yy-;l/8 2*fflV^ JlS-fzLZLy 

[00 9 3] $fj^=3 yy-/V8 2 tt*HWB641 i 031 
(^McOife^ : Creating and Controlling Lighting De 
signs) lCH***tfci5 4«!l«ISfiB"C*>5o 

— * % sx<D9ffikt:#mi-Z>o *BW®641,031 ^-<o# 

[0094] ftJtSpn yy-;U8 2 tt*BWB693 f 366 -!§- 
(^KCO^I^ : Imrovement In Highlntensity Light Pr 
ojectors ) lcBB*$ixTV^5Wfl9S6tt'Cfc5, rcO©J 

eori^KSrg-fro ^SWJP693, 366 f(0#t5r::i: 

[0 0 9 5] SOftlayy— /P8 4tt&5«<0»fttC*tL 
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vy-/V2 4Srf!i*^Si>*<, LK, f-^!)y 
y 2 6 5i&gas#t,\ 

10 0 9 6] Wft&W.* y Y y—?<Di&<DMte, 8 
Oi, OlcS^$tufc©Jffli^Bfccr)jiftt?tt, m 

(ffl % ^*y = yy— /W2 4<Dir;y7^yy£fcl*^:iE£: 

100 9 7] r^friPj^xs oroi^y/M vh^snr 

tr?fc9, ^W-Yvyy^ V Mitt:, LAN (local are 
a network) riS#£*K MU^ VV— /V 2 4 £lg-©$lj® 
3 ^y— 4 «DF^©JK^r V h • • > b • y— 
* • !)yy#££*v3. ^(0± % igftlSfcHtftgftlfps 

y y y >- r £ t s„ 
[0098] Rfc, =»yy— /v- •7u±yV\zW%*Sfe 

tm*<o7'ay7J**®m\,rz.. #v<u-y 

-/t'-oS^.SrlEll-i:, 7yyi^ro«t©«4©5t>01 

^5i:-r5*oa^L<«'>-r5„ ^vy-^itfy 

1&\ ?yy.=t=.y y - ycHrs^tt, 

^4:^1-5. $ b^, JWTA^tt, $-07 

o-y^rAT?H:Mi<)4rtt?*.-3fc) £fct>*v\ 



^^fyfAAty-yy/- yn^^^Sr^-^l-So * 
^•yf-AAty-yy^ • /B^At±3yy-;K)^ 

y^ATJ^— K^^TSr^SLT, =yy— /V-yav 
h • /^P±W^-<y^^ (appearing) ©Tyy'Sr^ 

[0 0 9 9] :0-?y7'li 1 yf-OXT—f 

ttstltVWyT'X-ib^X, ^<o^xm^m^fiit 
^viricjg£ii,5. SESz)5fcofct1-5t, *©yny 

^-r • yvt— yffcot, p-©jt^v-fyci 

i&oo<oy*/u— y--fei^yyttt.^, *4y*f-im 
tt-ti^m^^^^mi-^ l o o oflroayy- 

=. » T A-j&fe© fc * IC®^ $ htz D^fr Sr^-r o ^. 

try KDfittS^$tvr*J5. ^^iy^^fDfc*© 
7>-y*sjg^$tt5o ^<o^yytim^~=-Tju^ 

^^xw^vyjCl^Btlcyn-K^-T^ h^ttSo ^ 
7Vyii^ro-7 S 'ySr8*HL, yo- K=3r-r^ h^tbfc 

[0100] y-?<D#T\Z.lS&LXfc&/i,-?^\C 
At), yn-K*^;* h • yo^ S?«8flM- 
Sa-x'VK-e. ii^ayn^yASra-^i-S. 
yn-K^r-r^ h • ^^/©^7t-^lit©^yt- 

-y-x-y^^i-s^^y -ynyy^it-t-^yy 

Sr-^tf. ^rOjiftfayoy^AJi. iii^«6teSrf y7" 
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fthn&Hti-z. mm 

[0 10 1] it^tayn^^AtciS^ y*-S>©fi 

fcS^tt, esH-sfc*, *y 

>/&fthfimti-i> ■KDiififsyo^yA 
fcftKJfTSftfcy V-y • V<Di?T#S?&$ft5£ 

[0 10 2] y^tfftTMI&Z 

JSg/t— y^va^ '(>'*>— ^VD-KM;**^. WV. 

A1-5o ro/t~-y*§rfttt % aWkti'a-y'AAjfe*:/ 
n^y^JcA-Sp AW©^W— y^SjgjEftavy-^ 

^Lfci^i^. ^^Va-^A^^icyci^yAI^ 
fcLT, 3t^^=— yA^^SET'n^^AJ^ 

^aiVa-yjcm-SSiS'J^tSr^tf. ov^ yV 

*yfc~5>i b-Cy-f *^y^$*t3o 4tro7>^ 
fitt^n— h • ? y-fc— ^SrgfcU v 

t-ywwjio^y^tictLt, jSffl*^S*^2WS 

[0 10 3] mzm^tzXo^ iim-gSr/ay-yAH; 



[0104] *&m<Dmm&viw-rzv:<r>mtt, 

y^y -rL=y h • ^n-fcy-JMEttKBIC**-' y^- 

*-fim£;* hTl-5tii|-e*>5o C^gli, r* hT • 

-<7-vir;&SjkAA~- T'fc&tt, ^^fyfA^ty^ • 7" 
ny-yAKAS, i©^yfA*ty^-7'D?'7A 
HU IffcfcAA^ y 0» r^SaS©^ yy 

[0105] hT - 4roL-j J*f y^tC^LTSiE 
• K • 7xi— K*+^ h • ^ y-tr— 

[o i o 6] mmmmy°u{fyj^n.. ±x<D7>>7°=>-- 
j/^A^-fev^. •T'a^^taoy^yy-^yto 

tf^(0W»v:fo5flh,<O#-<(DlJ— f^-CIt, ^^^>-^r 
>f-ti, »5JSSPB$(Or 3 y (attention) 

U A^o, ^|iJ]EL< ^-f Sy^SrtofcSiJ>)ji^.|c«t 
t), ^fflWICffft^ (preempt) SftS. SIlJIEt<^ 

(Jji^-fciiJy^y- ^.y-i?^jt2Ey'n^yASrSS6 
It:1-5<t5lc^o-tv^ 0 a-F|)i7 • ^-f vCi9 

•)0a*#£crarfcfc % /n^AW^^y/ 

■3-= -y h LT, :©7 y7"3= y h (D^W^y 

/Hritl«-t-5„ y*— i '^c^iio^f-fo^m. 
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[0 10 7] Lfci * hT • • 

K • :/n— K^y, h£>1tlb s r©'>7fA©7>^ 

j*ft<o±xv>7^7-%&&Kwmv, x mit.\cxYTZih 

^•^f-^^Si/n^A^ 77— 97 • !> — K 
(read) K • ^ yir-^£>I«tS:/n 7*7 A|C«fc 

[0 10 8] 7.7—97. ' V — K • 37^K • ^ y-fc— 
S^ttU 7*n- K*** h • yfc— ^l£OV^±i£ L7c 

KTYu^yyztiZo l^u 77—97 - y-K- 

• • * y-fc-i>fefi&l,fcftie, Jiff* 7 h7 
-BWiyflBK**?-*. 

[0 10 9] #t©7yyisy htfSy.7-y-7. 

• !> — K • ^ y-tr-^WSg-fS t, Hlfl7"n if 7 
Afigff Lfcy yfe-S?»Cj; •? 7 y/ • 7t—97%& 

f l-Ololi, 7 >^7 ^a=? h ■ yn-fcy-y-fB 
1&§£®rtU:*=.-7-* hT LTV>S £ £ i/Ttr 

<OAj]%&zfuy 7 Airily, 7^^f-!!'^ 

• 7*n 7*7 A»4A^«co^{kliy£^SJ«:l-5, 7 • 
J*7-^;* '7-^rttC-fey h • tfy ha^frttSt* 

y vy-9 • 7T-Yn®7'u?7 j**mmct%* r. 

^yh7^-X7-Hj?/o^7A|i, 7^3.^ 
y ha>£>gffi£*ifc*T-y-* • tTy hSr^S-fS^ 

= >-y-/v-*^i'-*Ktft^5fc©ris$>5 0 ^yf, 
V-9 • 77— hMffl7°n ?7J>.<o®.nj&<g>\<-<fv 

ti. &7^7°=L=.y\.\C-7'u9'7J*.=,— \! 



77^- >S77-J*<DmjEtl:7T'(M£t&&-f5<, *y 

M7-* • 77—hm>-7'*?7J>.\*. *1\ =^y- 

/l" 7n^7A -7* 4 77 • 77-— ygT&fuy 7 MZ 

il-C^^^^Vs y&ft-fm y9%a— >vt% a * 
4S£\ Wz.tii7-9\t7^-f=--y h*»e>T y7*n— K 

<fc 9 &-?3&&$itrS S t 5. 
[0 110] ±5$Lfc^.7-^^ • y-K- p« y-fe-i? 

©7>y^.^y HcSHf^^So ^--7>7 
ci-K- arVKKiD, iHI^ayn;/? Aft? 

^-y h&g&'&ztctbmm-rz. *%w<D»zv^m 

*vYV-7 -77—Y^>v-=}-v\zi.^n%^1i. 

7*3.= 7 h^P,avy-/^©7-^©ejS^T1-.5 
i:> iiiftlHlK^^vy— /p • yn-fey-y-jciiiOiitf. ii 

mmy°n7'7j*&wvmmk$iit>. ?Eot, 
S7°n if 7 Anmm&ma^T l»j©^ y-fe-^^@ 

y h • 77— vvmtm^-7^i<\cm^ 

[0 1 1 1 ] *y M7-^ • 77— hWW&8A~-7-> 

3- Ktc^S"J-rSCDJCfflV^<Dt|lU-yd— ^y 
7>r • dr=--|5telrfflV>t,n, mmC7 ! ^77 • 77 

fcWC. 7^-^a- -7— ^S-gE^A/-CV^5„ ^ 
Ofc*. ^^criW:, 7*47? • 77^Mz.miEtiiU 

S„ ^/w-^>fi r d r i: Sr^coi p \c Lxn 0 „ -f 

tet>h. 7 7'</i' f gm-7°x2->f7'A&vfxfmL. ^3.— • 
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3:/oOA£Pftfffll,-C\ • 7^* . ^r^/V 

: ^/v£WK85£, J^A— ^ vie iot^^ri 

[0112] 7 7 ^^fiyD^7^tt, ±5$tfcJ:5 

^S^n Ate? r ^ MC®&tf\+1t* *r y ftco^- 
[0 1 1 3] 01 2*5iWHl 3£tft9J-f£ 0 



:/• • *^is—>B>*\z}£®ik£tiZ> 0 

Ff, ROM^X^D^7Att7^* ^ta^i 
U ^<^^n^7A^@rto^(Oyn^7^^[pI 
SfcK, :^n^7Ali y^zL-y h<DhZ>&& 

^a«ffis« a> y-/v • Keshan- 5 & 

[0 114] WhlCfnyj J*KZ*)?ft>tlZ>&®<D<D 

D^7^;««:t7h7yWo 

I D (identity) ttiBjEftA^^^^^btt^ta^ 

[oii5l iot, 1 0 0 om^toy^-f^-y h& 

-^^)«^^fc>1- 0 7^7l^7^ax->jr(0 
Kl>aTfe<tVS*^n^7Ad5fJffi$Jx5<0-C, yl/ 

SiE/ify^xA • yn^ASr, 3>y— jvfrt>#*7l/ 

co^^y^, /^fy ici 9 RAM^y Sr^^^r^ 
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[0H6]fc 5^any h<DRAMy^y fc# 
St5^n^7A^$U ZO^uify 

^rA • ^xiSyj* . y^y ig&i-£ 0 -ft 

[0 117] rtf>fct, ««Wl^n^?A3j5S»ftS 
&£it:5 0 rj^y-^S^ vy>:x^ f^jift 

[0 118] ±itf;it^, 7^«^hRA 
7A^«3yy^b^i>yo-K§^i^ ^ 

^ y cOiMpyn 9 y j i o 

5^^- XT-bmmtx* y^h^st5A^$tv>5o 

[0 119] 5^^=^ Mc^f-r^iiffTK^Sr, 



4^5. 7 y / • ^r- h^ft^ ^ y ^ h SrSA* J 

y^^- v htf5$rL^TKl'*K#L:3Vy~/V 

t 5 r t srfiF «rra. 

[0 12 0] y^-f • XT—fx • 7-K*<7>7 7^i* 

Sr/pV^hU =>-y-/^co^T-Kcg3-rs^Sr 
fttf hSre^-TSo COx-* • 

Kt?^a=jr Mc&oTiSK&ttOTfciK y>? 
^--y Mift^ayy^. KfcSGE |cj£g $ ^ 

<Dyl/zf^~y McS«9aTfc3Vy— /uftjftlf-^^ 

/w-^lcSA^ftSo 
[0 12 1] ayy^/V.^h-y^yh^Tt 

3^yFS§;^fyi, 7^ • ^7^- 
<fc^^y^b*ifrffil»fb**i5 0 ^y-/i^bgfi 

-^tlBHS^tt, — ^tzl— • - y^ey^W 
y-/^fcS«$Hfc*J#^^^^S^y^t^-SLfc 

5t^Mco^I5<!: > «IW = ^y— /^©x-f^^^lBtftS 
»Lfc«^tt, «3!«:«Ki-5. fcftbfcft*, <t9fr 
©^tt, 3>-y— /v-- * • t— if h i ^y 

1"5 0 5 V^^y h • y * y i: fc 

Klcyy^^jy N$ti5 0 C(^)77^ayy^. 

i/^zr-y y • y^ey jc^^vp— K1~*. ov>-c, y 

[0 12 2] &5v^«*fc, ^^^--T^-^^y^ 

y b • y * y fc#£ Lfc*&r±, irawb^ ^ y y 

>y-;v . h • s<fry h&mR *TO«|gS 
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[0123] SLk, -f&mc. =>^y-/u&£xfiy>7 

TMtf^-m* ffl*w^^r>->— -7->-y- • ji>— y • y-a 
^7 A«c± 3 n i 4 Z®WtZ 0 - 

v f-a^gft ^ftsaftic** y y r i£&-r £ 

rt^tf. ^=:y^f-A^±ttSr#5fc«), RAM 
• /v— y*ii, ^>-y— ,v • 3vy Kiift^Sft^ 

[0 12 4J ^'O'v'— JrVIJ- • /U—y - yufyAg 

yy**, y^y -^s^-y-A&atEi:, a«7K^ 
<DWr&. *J ^is-y-yy- • /u—y\z.w^9i-?>f)\ 

[0 12 5] n-ry K • y^y°]} 9 • y-^yuifyK 
y^ • y-yy-uy-y A-CH^$tv5|gl<D#^*fcl±7 

y >f v-y- • /v—y\zm^>o ■ 4^97° 

V9 • Vv'v'vy'y&tfZcD'&mmitZntckZ, #1® 

&ft£tirc»~h° - =>-?y Foxy 1 --? y,t>miw§mv° 



• A'-^fclS. y - K • 3TyKCt3»l# 

=^>K"f>^7°y^ • f-y*7ny'yJ* 
*K £rfcKg{f£;h,;/ix-*©®l<0l7-K-S:f* 

lc=> vy-/ua»b07*-*ej£Sr&g t Ufcvvffigij©t> 
nyy-A-ia 9 mmztiZfrv^Ty KSr»-«j ttii-»j 

jcufl^Hs. RAMy^yrtK&ffif^ftfciiADy 

[0 12 6] ^^-y • ^ J/ ^ A • •fy'yxjy'y^it. 
^it/^ra- • FTLfc^^ey • wy 3 y 

^•^^^•y-A^^^Lfc^g-tt, SiE^^y^y 

7 , ny7'H.t7 , B/7A • a— K&^frVn- K"f" 
6. $?>lc N 3-7yK--fy^y!)?-7'om<!)t 

^■t 1 - htMJHb* ^ y ^ h ^jt3$ tfc J; 5 l-S* V9 $ 
if 3.- . y s ~ftm%)X'lbZtMt, miE7y fit 
yyy- y,y-—97. • 7- KICKS' h $tt5. C 

=>vy-/u. y*n-fe*/-y-3657'cy7 0 h$n, * 

a- • f-^f l/P^7AlCf-f ^/<7f SJl, ^ 
[0 12 7] alffTKl^ifeffT'n^yisi LT^gl)$ 
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[0128] _hiBLfcJ;5^ avyK^^T 1 !)? 

©H&ftttfcLfcyn^Ahiu ^x— h • y — *<g=a 

"£\ *X~h -y-fgrn-fufyAiZy- 

<T>Tt f=L «rW1-5 iltHT/n if y AnfeWlit*: 
10 12 9] a-ry WSg/W-^VI*. a >- y-,w . y 

^">a>'©I*©^^'l7'h-e$)5 a ^<07u?y &<o 
mti&m 1 5 Jc^i" c /w— ^>-<Otp|r»i(*9g5x-^5rS 

T*->3^£fTV\ »*>1-&|?<D>a^#£-ttu 7^a 

SrtBiB-t5EStcji v avy— • yn -fey 7 v:/ 

> K • y ?t-i?tt3T>' K«gi]^ t LTft^S-igc 
[0 13 0] ffl<0gi^#(tSrLfcyB;/7A, 
v-byy-tsiVy vy°- T'nt ^f-^j^^P,^^— 



f>ft5-r-*tt, 3yy-^-7"nt7W>fcg«^ 
MBl»M«|i£Bl::tt$*i&. *r- h • t*-* 
=■ vy— jv • ynir^ihj*^ x 
— 9%/*yt\„Xs *->^fArt(D^7y/3.iy He 

l7*P^7i>ll1$f©7y7'a=7 Y\C.WRttW£*y 

h<Hc, =>vy-/KC«t*)tT^*t5$iJffll^Y^S'Jt)S 
Tic «fc 9 , =8-7 vy*(caffl^r|g)fc7 5 -^^^'J$ix5 <) 

-Yt, ^f-Y 'f-^^-fnifyMZ^ 

1-5. •7-^ti^n^7Aft7V7 , aiS' 
b ft y — * t> <0y— 9 £ mZ-StrttX * x - 9 

[o i 3 i] iifi^gyv^Attu =»TyK"f>^ 

^yn-KtSaTy K^/V-f - ^tt, !> - K (rea 
JJi57V/3.=^ h^a^y— /p^©7- ^e2ISrS 

[0132] jUtfa'i—^vfc, «3«ei**s=»>y- 

[0 13 3] •f f -;5"g c ay*n ; /7A|CB8^fttt 
^-^flJIJ^T^-^tt, df^_ . ^-^ . y 7 

i^a— KSrSWS'J-f 5 fc*(D-f y-r y ^ x t LTffi^ e>tt 
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[0134] 7 y?a.=. y v t±*s< u—y* yssmtm 
fit, f-AWSSaSfJW^SSr^tf,, &yyy°=2.„ 

it), ro&a$»yn yy y * 

v^^i:^51*©7nyh/^;i" y— *-ey a— 
trfc^^a-.x-^fcSr^i-Srtt, =iyy 

£©$&fgx-*&yy -t^ h &i%tz®mmt lt* hr 

[0 1 3 5] %tmfflW-7u?7A<DWz^ zxyy—,\, 
• X - * £ y ^ - Affile fcfctft] £ -frT 

»U«P£B£ ± 9 tt»$ *vfcgt£<086iBx- * ££1! $ 
yn^7Ati2o(0±/i^77 l ^yfc:A-5. 0U;t«, *x 

rfyXASr-fv-yuy yh-T5. ^ry/^- Ptfyy 

^/^yy^EIBS^^O^-y^g y . y^ — Ks<?^tf 
ffittt, ->^tA • x*— */<*_hfc, yy^a.^y Y - 

5i«y ^ - KV<y * • *-jB«»T^^ y yAfcflJffll- 
5. * fc % g y • y ^ - p/< „ ^ «#aJ»k-f« 

»7>y^^ffl*r(c»^fct^s»^$ti5 0 -y- 
— #W» y y y«ig©^»! l * v « § ic x y 5 y 

T 5»t"C*3oT, yyy°3.=.y h . yn-fej/iUcJty 
*§ < n-$ix^^ofcSti#z5S7yy , 3.= y h • yatyfl: 
iI*n$*V5 0 Sgfu ^HP>o-y-yyn^ 7 Air#^TT 



[0136] je©7vya=7 M-ii-rs&s^x-* 

0y*.Hf. yy?=L=. v K3feM«m«©^tt(integrif 

©ym$^5„ ^•-^(DSSit^f&L.Tyyy^i!)^ 
a kiwm*£ etc trot itst-s r t & 

5. reXx-^XfflfflU*, jt& ^x-^-x-* 

[0 13 7] ±j^Lfc2oro^tt > ^aT/MM**"* 
fc*, ^^T'Ml^fLt, = yy-,v. yu-tyi- 
<D*^.y-<y a y^a- • x-^Sr^ hr-fSfc*© 
ayy— ;W • /ntytO^U-i y 3 yroey-c&s 

yu±ymc£5T?-yay%7F-f 0 Z.ftb2mm 

h O * ^ ^ <DgB^ t tf. 

[0 1 3 8] IlO^y/asy hCOWL 

-®7 y ysrii^ bfc t # fc^-f 5 -aror ^ -y 3 y 
t. yyy=L- y Y<nimmf£fa%Z$i7LZ>itib<D=y 
y-/u.r'/<yx(D»f^tic:|ii-5 0 mu<nm\i, &m 

t£R AM'<—X<D7'X3 ?y J*&±X*r a— • 7*— 9 h t 

t^, 3yy-/vt^ci^»-r5t<ot{Rs-r5, ' 

[0139] y y • {ry-y- • /v— y°<o-nt L 
t, 7^7"^^ h • /pfyftta vy K • ^y?7* 
y* •7'n^7AiCv?t>'7 , U inrffayn^Art 

3vyK.-fy^7*!)^-7'D^7Att < ^^-y^lfflro 

ynf^^ffl^iiftwayn^^A^-y— tr^-rs. p« 

t!)o:©7*ns'^l±, y — K • =»-^y K<0Slff(D^x 
-**Sri§fc)1-5x— ^<Ol/^y h«r^ 0 y-K»a 
Kt+— tr^-t-segic:, a-^yK.yy^yy^ . 
y*n^7Ari v affilfayn^yAfciynff^fvt^ 

«r«ltt1-5. »f?roy-K- =^y KSr^TUfcr 

y^yy^ • yn^Aiireox— ^©amto^y h§r 
[0140] rrowcitui, = yy-^f>s« 

fca-^y Ktt, -^^iT/V^lJ^channel-selector-mapa 
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V 3 V L/C £T © 7 >^a.=. y h|C j; I? $ ft 

[0 1 4 1] *X9ioH^flKni/^7AH: % 1 00 0® 
6>ftV\ mi tf>y htt, MmK0E>7^aa^ McatJSfcL 

^^T^tifc^^y —)v -mm - * * A-s^a* e> 

htttl&ftWy h—r— *«rl 2 SbyteCO 
[0 14 2] ^>Vfo&/u-^^<D&mt1-ZT#is 

a^ri. a^y-A«a«K#ftbfciB*, i2 5b y t e 

[0 1 4 3] •7-^fi/D^7Alt 

10 14 4] >>fy^yf - . 7u>f7j*<D^*% 



ti* x :<D3YyK^7h^^iT^7y^ 

So 

[0145] ±3$tfc=3-r^Kt§g-rs=^vK^/w 

fe<Dy>7*--y hSrS«1-5*\ &£i>i*S^I&-r 

[0 14 6] ^>y-;vmm(D^i/^3 ><D&JZ\Cfc& 

^Ktt, #«o = ^y— /^-^3-^«»ji-5 iby 

*£#5o ro^itt, ^y— /W<MvM£& 

St, 

[0 14 7] rOfiill-C. ^i/ 3 Vffea»J«I^E!i^»l 

[0 14 8] fti:, =r-w k . ^ v^^y ^ . -fuirj 
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[0 14 91 ZomVYt, H—tiS*—9ffl9p7ujfr* 
5, H«fttf«rLfc*^a* M minify 

[0 15 0] Ctf>J;5fcLT, mn<D<V—tf*-?Z\B} 
•f** ^ v • ^yytoM;^^7^i/3 vie 

[0151] 7y^7 h"C<Dftyi^. 

^^Sr»TL % ^>-K-^*:/y*t£v^>:/ 

[0 15 2] nvyKtef/^fy-CIt ^IHig 

$o £ £>l-x CCDx— ^(O^n y^fi, ^—[ctfLT 
^fcJ:9«9aT ^fc#^£3l*rr 4 byteO 



[0 15 3] ^ra-^fl/a^Afj:, a^K 

-&L*v^»£tk ^y7y^tJ±^-^©77>f 

^r^^f'-^li7 p P^7A|j:3YyKM;^y|: 
[0154] a-r^ K^^-f>ttXf- h • 

f-^7-7-Ki:t^Ff5 0 :<07y/^7^ 
^ • !7-Ffi7V^^7 h^3yy-;i, . ^^^^15 

[0 15 5] ^tol— • ^ hT • a^^K©JlUS"ett, 

n^?A|Cff55fr$tt^ ^LT, lamp-status-report a 
^^KjE&^/W-^^Sa— /W$Jx5 0 ^tV^<01anp-sta 
tus-report=i^^ Ki*-* ^ h ^ ft<D&? y 

<nj^-?z2.-y bvfy&ziwy— MCJfc&i-Z. 
[0 15 6] 3vyrei/^fy^7-^7-^ 

[0 15 7] y>y • ^x— • 5*— *{C-t?y h$ 
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ft. fr-o. ttrE^a^y w=iyy— mc^x— h$ft 

1f7y>r\S., ayy-H^o^a, read-cue-dat 
a-change-buffer Kfc*frf<5. ;©^y> K 

2>„ read-cue-data-change-buffer KJ&g/W- 
y^r h • a^hx y* h^r^t 

[0 15 8] £iLt\ fcfcfiBWtf 3 VSr^Mi-S 

tft9H-5&gds&v\ #3891©&»f Kft57c*t7-T?&.5. 

[0 15 9] ttSKtl5^l/--> 3 y^5/B^ 
7Aroiffilti, ilO/iVNL@l 5{C^|CE®LT 

K£&tc;rf„ rftfctS 1 5 Sr#MLTfe«§ft 

fcfe^asai?^ ^y*y ^ h-rzwc&wt*- k-c 

h 5„ r. © a — Kf±Motolora5&<E>^ ^n/nty 1r68 
000 S-C?Stft-5fc»IC§^ftTVN5„ &&mU®7u 

[0 16 0] BB^Ufcfig^v'^xAtcit), &sm<D& 
h&ft5 0 :©^f-^ • y*— /*y*9 

*hT£ft5„ Z<D;<y*f> • y-^fc* YT-fZZi: 
Jc: i 9 N ^ u— * li-y 3 — (show) <Ht 5 ©l-fflv e>ft 



[0 16 1] @l 6£|ft9!1-5. fgjtii&y-* • y f- 

y h?-? 3 SK&^ftfcr^yV t'TV 
9 2t, £g*y 4 0iC&$£ft)tT^yV \f 

yV •■fe^3 9 4%^tf. S-T^yV tTyw 'irV-ir 
3 9 2, 3 94li#LED396Sr (LED*SM«L-C 

^ftfjCOLEDJi, y • Xv?x<DtYWIi£%l.'9tt 

lt£>ft. y K°-<?nmW.£iiX^Z>tt&-tZ*>y M7- 
^ ©7*7 ^(branch) T\ m^tt&T^y 4 fr W 

[0 16 2] ffilji'if-^ • y f-^|iManchest 

err3-^/xy 3 -y3 5 24r^tf 0 Manchester^ => 
^3 5 2it7*n— K*-r* F-^5/h!7 
— ^ 3 8 *3 i tKManchesterx = — ^ = — ^ 3 7 4 
l-S^^ft-Cl^,, Manchester^ = — 
7 41*1^*^3' hy-^4 OK&j^ftT^So Kl'Si 
KtfcJ; 5I^> Manchesterx^— y/aiVn— ^igflil 

-e#5„ i(D rytr-^.^e-Kj "Cfi, Manchester^ 
3 - v 3 - ^SflelSSra A^«8^T-Sffi * ft 7c ^ 
yt-^a-KJtK ^LT, ff=-K^Sft> $ 
e>«ceiil$ft5o #iya-y/fa-y|j:tLED3 
9 8£ (^^N«BKtr^-Ur) ^»-f5„ »LED 
t)*fc^-^ • #y*;*©^WC]fc»»ftttf>ft, Mane 
hester^F^b^ftfcy-^^ y f-* $ft5 r t 

mm-rz>o teweE©*^, *LED*sw»i- 

s/ M7-^ te: i t) ei^^ft 5 p< s'-fe-^W^/iSS t) W: 

[0 16 3] El 7*3«kuqgi 8 td^l" J; 5 r©| 
fhit*r-—i/MWi/*7 L Mzj ti/h $ftfc-r- 

^iift^y h!7-^ 2 6 It, So^<D7>A$-ti-ity f- 
^®K«r^-UT, MOSBftyy/ass, Kautomat 
ed lanp unit ; ALU) tWS^fioU^PVy—^2 
4 Sr^tf. itHt-JWHE? yHOO lega® $ft 

tSfaU logic r h y . y t°— ;? j 5 5 
-ftPx^iiiffiSrllOjS-ro lo©r©i5/ih7^. 
^-^5 511, 3 v y-,p . y t 5 4 £#1" 
127^4 0 0lCJi^EE$ftT^^5 <> 
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[0164] h7>? • yif-^tt, 7<0<Ol7V?>r 
-:/>. -a**? 4 0 2£*f1".3x-y-&{fy 2 6 

c^rij-^-h-rs,, T-fmmv 6 era;, 3ie# 

V/t^fc h 7 ^ * y - ^/H- a ^ ^ $, g ^ $ ^ 5 ^ 

***4 0 4l£*f-f5y^2 6B$r-!J-3K-h1-5. M 
Hl^-^ • 3^*4 0 4tt, yv^2 6B«rM^T, 
WE.tl=f—9 9 4 0 6 SrrfrLT, ilAD#E7 
y^4 0 8lc8j^$^5 0 ioT, x-^ffi-f-tt, j&ta 
^BEyy^lrEgS^T^* • y fcf-y-5 5K 

ST, 7>7°=L=.-y Y(DTm<Offl£<DmW \>7MZ&tfX 

fcstewy • tfyy^irfly^i-s,. 3-y 
=y Mc«ttM-«. 

10 16 5] MWftlJ^I^^AOT-IIJfeeil-Ctt, lo© 
Hilary- JV2 4 #10© r-r^^j ^Ey y^4 0 
01cSJ&$tK 8oco r^w— p^j M5y^4 0 8 
fc, *ib7 s -^WA=^^^4 0 4£tf-LT&^£;h,T 
V^So ##SEy y^tehy^^— :7^£^ux7o© 

y y^tt«;"j£-r-y-S:&jgf6 3m<D? Mr 

8oo^u-^7S'^f4, m*i-r-y-£rfti§55 6 7fi 

-k©fS*£\ -^fAy7h!>i7l:J:!Jt*-h$ji, 

510 0 OflOy^x^y Mft**-ett*-rSfcfc % 
4^^7*7-7^4 0 8(1, h7V^ • 
toMzt.r)mM£tiZ>7 ! -i'mj3='*? f 4 1 0£?>L 

. £ 9 1£ y >y 2 6 E LTSSSfc $ ftfc 8 o©iIJn;*. ^ 
-^7 7^14, H^tx-^Sr*iBJ5 0 4<@Oii^J-7V 

Tlci»j-y-^-- h$;h,s ioo offleoy isy**-^*, y% 

10 16 6101 9(^1-^51^ 7u-Y**^X h • 
■*y YV-* tt^-©x-^ft-5|-Sr^6«jjm^|^ 

y YV-? 3 8Stt>L-C, 3yy-^2 4tt#^t- 
•^7^a=y KO«-S«tS (RX) 
[0 16 7] 02 0l*j£g*y 4 0©ffiZif££- 

=vy— /U2 4»±y. y-fc— • i?S:7*n— K*^* 
h • ^ y 3 8 Sr^Utf 1 7 y M^g 

-^Srg#L. -t Lt, JS^-y h!7— ^4 0Stt>1-5 
^©7>7"a=5;KDfi;^o„ ^^^^^h 



yr-ri*, y yir— ^£j£ft-f3 h7^5-^ (TX) 
yir— V&%:m-rZUi/~-s< (RX) t Sr-^tfi 

[0 16 8] &&&fc£<Dm. y^y°=--y r-feitfy 
f-^ -# y ^^©|a©#<©y^^4 0DW5*>(Dl 

o<o^*fijffl$H5. 02 0 j; 5 fc, y tr— * • 
#y tf^ffiy yy^fH© io©!)y?40C© 

%-b. Y7>9 • y f-^jsiotavy-zp. y f— ? 
©Rro l o©y 4 o B©^-t, =>y— /v«yf— 

;?*5<tU'*!l^l=i 4 ©B8© 1 0©y 4 0 A 

itmm-rz <o\z i *fii^iai^iK«<cis^tt, i o o 

0fi©7^7*3.= 5, h^TA^^x— • x— 
#-t5<CHl 0 0 0*^WSrS1-5. 
[0 16 9] 2oPJi07>7'3= y h^^x— • 

• y tr— ^*5ityS!l»3>'y-/vcoraoy^ ; 5'4 0A± 
T-fc5. f3I«fc» lS4f*y M^-^tftA^^fcftjgco 

v^-x$it, %<r>m^ 3vy-/Hc«tyigors« 
$^5. *5ik© i iu±<oim\mz&.g i £)xtz y tr 

v yv— tossfximitzv ^t&miitz 1 1 1 

[ o 1 7 o ] m 2 1 ic^-r&J^ftfc y e-^r±, 

M (read-only memory) t , RAM (random-access memor 
y)b%$ttb bblc^ 7^f^ff^ -tyffciyMa 
nches terx = — >=t—?fae> (O Kti 5 U 

flPBH«r*tf. 7*o-fes/-y-4 5 0ttine><OAASr^ 

yntyf4 SOiEH^Jt&UfcWfttgiSfcJ; 
f> LED396, 3 9 8Sr^fl-$*, 7-^!)^ • 
*yYy—7<D&ft%7frr. ilSLED<0^tt 
r*-^ U i^^ • ^5/ M7-^/55jgE(clbf^LTV>Sr b 
«t*U — ^LEDW^jtrHx-^y • % v Y 

^Ut>/fV^^■^^ *LED*5itmLED$riBjtr$* 
SrtdSTti. 3^L EDJocfct/i&L ED0>2tH„ fi^r 
|C % 7*o-K*t^ h YV-ttSXXffc®?:-? 
9 Y7-4Hzmifci-Zz,btfX-%Z>. 

• >T4 X7°ls4 • t j /^^4 5 2 Sry fcf 

[0171] 02 2tC^-rS'JW&&$*Wc!> f-^Jl, 
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Jw^a^iiJ^vTV^So Manchester^ 3 — > 3 — y 
5 6*5iu:^>'P^^-i>-4 5 8{c:i»), T^ir 

[0 1 7 2] ^^U— i/a so) i oo^e— K"Cli s y— 
2±|Ctil^3$ti5 0 y— 4 5 6^<D9o<OAtl<Ooh 

>4 6 2±Oft-§-^^ay- h 4 6 6 Sr^rLTManche 
sterirri-^ 6 8i:^$n> 
4 5 4 fcBH»£;h,<5 0 iim*lJfflI^B4 5 4ttt. 
»9«r^B-fey^4 5 0(cJ;t5^SE-t-5Ci:*s-e#5 o 

Sfift, p< y-fe— v=SrManchesteraiV3— ^4 7 0 

f-4 5 0^J:*)A*$tl5. i&|#P/«* 4 7 6 t LTE^ 
^^SSScoSiaSiJ^lft^^^v^^ T'n-fes'f-4 5 0 
tt^/^yu^4 5 8£!W$-fr, OR-y-b4 6 0 

6 4±05^/V^-7 , W^f-4 5 8©fflMy-h4 6 6 K 
fPMZtlZ, h 4 6 6 tefflffl/<x 4 7 6 Sr^LTK) 
f££*K v/vfyu^f 4 5 8*Manchester^3-y4 

[0 17 3] BDKWffl*— KT. ^A^tV^IM 5 8 

^n-feyf-4 5 0tt^-r5-t^-et5 6 ^ LT> ^ 
B*y*ttWf|K^ 4 7 6 £*IJ/B U y- h 4 5 6 ©8S 
OofcSA^Sr^-fX^-^/^s. iot, «EK* 

[0 17 4] yn-K*^* j. . *yfc-s?ttB*ICL 
T«iS$ix5„ ^p-Kdr-v^h '*yM7— *3 8± 
fcttWj£:|x3fit#H:, Manchester^ ^4 7 2 liPfljD 

a«ftf«p%B4 5 4K.maztis. mm 

W»iSB4 5 4T?»i, »#©K0fc:/a-try!>-4 5Ote 



*0 rfc#-e* 4. 

[0 17 5] *»M©SlJ©«Hgfc.tt>,tf, 02 3 fcjj**- 

RAM4 8 2 ©ffl{cSi^$ixfcDMA (direct memory a 
ccess)f&J^g®4 8 0£^tf o Zvmmt, ®m&)\Z 

KWfifei5fU/So lofctt, h • y tr— 

[oi7 6] ±x<ov f-f^xvg'gmcmmcSim 

* • r K^^fflv^it^!) tr— ^getr Ki/^>y 
m^tmso «-ytr-*««», wk^ 

y hWr^A • 7jf-y ^tfZmi&^Z* >y-£-i? 

[0 17 7] t^^i/ 3 ^loW-K^t :/n 

^^r^ •*^*3 9 2lCi: r>m%l£ti x Manchest 
er7 f =-^4 7 2ICi9^=i^K$tl-5o ^UT, 
6©tt*HyV-** • h 4 8 4 Sr^Lrii«$iJ^ 
B4 5 4lC/W-^^^^ttSo DMA»J^|SB4 8 0*> 
i:t>*Sffl0J»^e4 5 4tt«*«r5MtLRAM4 8 2IC 
A^1"5 0 DMA$0^@4 8 0*5it/aftW33S|l4 

=*-~v h\Cftm-rz>-k&V%5 0 «tLT, DMAi» 
&S4 8 0^it?ii^J^jl4 5 4 »18»l/C, y y 
• h 4 8 4 <HH~5 1 1 fetManc 
hester^>-=[-^4 7 4 LTfcirrSo Manchester 
Ic ^= I -^^y-h4 7 8tJ:!9^n-K^^^ h . ^ 
y M7-^3 8lc^jgg$tlT^So 
y-h4 5 6^3J:Uf4 7 8£*-^U— h**5fM»^ 
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h 4 7 8 W 9 •O-k.XOmtlf&^b tUtl £-& 
<i*OttJ^^^ffi*$-Br5 0 fcJ*BMX4 7 6fiA 

[0 17 8] £4?*- K"C, /fc^*;/ h7-*4 0/J»?> 

S^1-5rti5-Cf fcv»a\ $>-5^tt, !) f-^ • /n 

* v +#7xi ± y *£KR& ixfc 2 o£l±cDx-r*A-± 

Lfc»£\ K# y f-? • /nt 

* v i tfilAMiKKBttllanchestcrz v = -/4 7 
4$r4M/rf£g*y M7— ^ 4 Otf>Jfctf>:77>"^JilC;>« 

[0179] J*-?- h • y v—jrt>»t>ftt>fi&fc<D&&. 

7U-§^*TR5*». JSlBircJMftS (CRC; 
cyclic reduncancy check ) fc2>V>f±, ilfifW 

yt-w&mmv z&to-tzMt, mm$ii±*y± 

-V\Z&®LX : gfefo& (NACK) SfcttHS&g 
(ACK) SrS«-T5^t, fcteyJ^X**?***- 

[0 18 0] JiftLtz&W&frtbnbKZm&h LX 
it, &<D1) ~4) 

[0 18 1] 1) V^^Afe^^coefeHStlfc^-f- 
[0 18 2] 2) •feV^Sttfcgg'XOn^-i/g^Sra 

>y-Mzvx- h vx*!kWiftmziZ7ji-tz~to 

[0 18 3] 3) (ii<fSS*)J)5fe5) C£T*-KT©i/ 

[oi8 4] 4) jem*- K-ewa^-y-T'^xAoefc 

[0 18 5] h • y t-*i±, 1212 



mmz&&i-5zt&x%z. -§t, yv-tx&Mte-t 
z>* ?±-i>, mz.t£, #a<z>y m—9 • r hv*^© 

h7^-!)k*^5 6l4, ±X, 

-tzmmzto.'M-rz* zlx, vy^9-v\f-9 

tt, #F7^ • yfcV-^SSlC&^tvTV^ 

7O0f7^ • y 6^f>-r— ^W^ny^Srl^ 

y_ yl , . y tf-^ 5 4 tt, ayy-yl' • ]) t'—jr 5 4\C 
^cFtVTt"5 9O0 h7>"^ • y f— ^ 5 5A»P>X— 
^cO^ny^SrlCt^L, ^M^1t±X<7>7 ! -9<0^u 
y9±fr%, 4 C 1 OO^ Lt 

[0186] l oe>Hifce}K:«fc;fttf> iiffiy v*2S&* 

ftjffl£it5. 6 3{1<D hy*. • y f— 9 5 

6»iffilc<DI$;£rl3l$lC6 3§0!)y^ 2 6D£ffl^T 
V^A^-CfcSo 5 6 7i©7y7 , -3.= ?ha i 5)©X 
x-^^ •t'-^^iRIIL-C h7* • y f-^tcAtb5 
titt, 9*{4©B#K(D^^St-f5. ^W^, 9oo 
h7^ • y f— *5 5li9owy 2 6 c-^^ic 
ffll^TV>5 0 6 3<B© hy^ • y tr-^^fex-^SrltX 
*th7^ • y f-^JcA*v5Jc(4, 7*ffiro^MSr 
io03yy-yi,.!)if-^5 4iiMi 

LTlRjl^l£ 1 y If — ^ 2 6 B<73^-£r£!V\ 90<Dh 

»4, 9*fi:ro^5r^ti-5 0 
[0 18 7] ayy-/v- yfc'— ^5 4^?><01[Hlroe 
*J^3i/y— yWAS, 5 6 7fi©7y7*-a=7h 

frh<r>7,7-—$?. ^SrjC^y y?4 0A^Lt 
fc7y7*jtt=yy-yn5g7'nt^l:J;!) > ^f-^x 

• y h?y^ • y tr— ^t* 

f-^^nyy-^ • y b"-*ic:e&-*-s, . y 

e-^fi^-;?^ h7>-^ • y x-9\z.&$£rzi>i, = 
vy-7P • y f-^ftf'-^Sra vy-Mce^5, 

y • y h • ^x— • x— 9<n^[c^v9 y — 
[0 18 8] h • y tf-^«t, 

wl, isx^^ftt&mzit&^x&mcmcxyv 
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^ • htf^ls—? \s — y~ 4 y^^fA • y 

^Kiltfc7o^^v-h • y tf— |j|l3yy- 

[0 18 9] h • yf-^m, H2 3|C^<t 5 

-F4 7 8OT7 hi, m*<Dfo&V>?AJ]&Atl1- 
ETZ>^h\c±V ^ I- • U tf — 

tfc^So oivr% ^^-h • y tr— *tt#tti*«HB* 
iceau *-^-h • y tf-^taaRsttrv^?^ 

^£g{S1-£ 0 2oW7^'a=yH:|-7K^ 
'My h-Ctt*< y t . * 

h • y br-^ Sftttoj^^^^f s^tRjg 

y f-* 5 4 fta yy-;P • y tT-* 5 4 fcflBRS JVC 

v^#h7^ • y f-* 5 5(C I D is -cart 
*5-cf, *©'lDfc*©9o©WA»^fcfl-L-ciaR: 

y l?-*5 6»CIDSrSiJt)ST. D 5r=&ai^ffi^ 

[0 19 0] ?n«?9«fp<?/VxfcflUeUbttft«> 
•^7^11, T'a-feyHj- • n ?^75'7'OitW > ®£ 



h • y f-*l*;itf>5|sp£^©U a<tM#P£IE£Hfll 

h • xa-^4 7 2a»e>ffi;fc£ft:7*n-K*-*'* h • 
^73-^4 6 8frbtt&i£tU&B=- % sa—?K. 

^u— • ^ 3 v«0 9 ic^i- y f-* 5 2 (D-tit t n^-c 
[0 191] ^.-^-h • y f-^^n-ty-y-^iusift 
mmmwmmfiK u**?- v a 8 4 {rm^Att 

P)i^TV^5/^— Ki7^r • ^-Y-^Sr, M#7^^4 8 6 
U ^$ttfc^Sft^-4 8 8J4, Manchesterx^ ^. 

mtix-*- h • y tr-^t ur«fB^-«. ^ntyfjs 

• y f-^ • Klc^O 9 P>ttS» ^-Df 

^5, M7— ^©igigJte (continuity) «r?feK1" -5. 
[0 1 9 2] ^WO^n-fey-y-ftiJ^y f-^|i, an 

gliia^y r^T 5 -^ • /if- h 4 9 o £WU ^ 
•ets. ftHf#ttr©«t y f-^ • 

^T7-? y • ~>^7 i A05^»ftSI2^fe> 

©#f&* D^LED i5^$ttfc#^, v 
5^^U *9$ixfcMnf^«>J:9ffiM|iSKtt«%Sflr 
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ffi$ftfcy yfe-i?{Cj; QMflla vy-vKZ>tfcaE£g5ft 
I0 19 3] JK-^T'/V'-x-^ftS*!*, 
ZfrLTfRSkZiMy-y? • y h£g£<OBB<£>iHit 

05*)©10^±©F57 • y tf— y|£, yyfc-J?£- 

[0 19 4] • L 

T, • y 5* # ••7 f -f*?' 

4 5 2 K*fctt|fl|*©AI«iJS»r 

-f 7f4 9 2 £A7JrvM.X i LTgtt1"5i b&V 

©A*^^=iaL-iv:|ia$-BrT, • 
-fs>^4 9 2£ffl^5£ t*5t?#5. rcoipfr, ftflf 

5. 

[oi9 5] mi 7*5iuf0i sjc^u rarraifc 

w$ij#3i^y— yi/2 4 t = yy-;i/ • y f— y 5 4 orb 

<z>y v*2 6a£#l-c, mht*. ^L^mmnm 

«Ttt, ^-K!>*TKaf^foofc^, El 7^*1- 
ra-y^-F • 5 8 0*5, i)5a^^ 3 v 

fcl«fc!>, /<S'^Ts'7 , *J®3>y-/V5 8 2\z&m&ti 

5. La>u rrofa-yyy- h . y vy 5 8 01*, 
^26 A2)5|t(c^Lr^^5W±of f -^a«§fi^4fi 



• avsK-^y h*fc»4*s;3.— /w©7y7*y*W'--K* 

T, * i'a7i»v'^7A5 0 OS'Si^U, gftS 

. 3Vhn-7 • fj-yyu— A 5 0 0 SMI X. TV 5. 
4 6-5 5 2i«I^$^ MMtliy h 7-y© 

J:9ffiSiB-e-$nT^5. A**^*-^5 9 0fi, ffl 

**^a-;V5 9 2<D±y MC<fc D-^a-y . ay fa 
[0 19 7] aftOfiS^^xAfflOfflffll^Btt, Sfr 

C?y7a=y h£i^i$ic-y-#- ^-r.5;I^;;&s-et#^;^ 
•Mi, Bft-ft^T^yy y • 7^a=y h<0ffll»C, 

[0 19 8] ISfflcD?^^^^ Ytt.%&r-9m.<r>7>. 
£&gi-f-£#, g»{fc»T£/"<yyy • 7V7a-y 

K Mx_tf, Vari*Lites (jg*Slg&) Series 200 (ffi 
AO II^7A©i5ft7y73L-yHl fit, H 

© y y fc&g t -r 5 C b fcfc 5. 

[0 19 9] ^r©±, ^y-^yni?!^ H"5r t 

«3) tf, WP07/693, $ V * 5 «fc 5 L C 

D (liquid crystal display) $r^f1-5 5 y7"a= 5, 
li, ASW'SgSifby ^7"a=7 hiBI#ttl7£Lfc/< 
• y— ^cotefc, -Y^-v'x-y • yr^r^SriiJ 
®i-T5„ lot, ^t-^a-Mi, ftt^HlteKMI- 

SATJ^it^ttlTJ*^^.— /V5 9 0, 5 9 2<D±y y?J 

{|7'Dh3/H:^5rtiStt5. .tot, *^ay- 
3 v [-0-7 • y-fvy w-A5 0 0£#:#KcoZgM4 

lei, ^-^3.7 • h n— 5 • y >-y ix— a 5 0 0 
LTf— 7*-T5o %oT, gijaro^tBt^n 
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[0 2 0 0] 02 6*Jit/02 7(r^-rA^7*^a-/W 

A500i, ZOtsOyu—AS oo\cmm£tiT^ 
5 1 OJ^±(0»J^/W^, 5 5 6-5 5 8, 

5 6 0, 5 6 8, 5 7 0 i:©^ 7=— LTIh— 
^•fS. ATJ^E-v^— /U5 9 0<D±y Y<7>**?=.—>V 

s»#7W e> ©sow K&gfi u &gft#a- 

* s ^f*?-f 5 (interprete) £ £ 5aW K • 7*— 

[020 1J A^^e^a— /P5 9 2 ©-try h©^es?a.— 

l/hD-7-^^y7l/-A500t, l^-r^fiLL© 
5>73-=? St, BiJSoiifST'n h^/ut^fgi;^- 

7x-^t tT-^-^-rSo HtfHr^=L-/V5 9 2©t 
y h©ffl*©^e-i?:i— /Ktx =ei?=L7 • ayhn-7 • 

• a-rVKT-fcof, 47^7a=!/ h*5«fctffi©tii7J 

. ffi^3*^3.-7U5 9 2fc88K3ivc^5 

Atoftfta-^ KJfclJ/'!?^ ^(d^-f-Sc 
[0202] ffiW^/V • 3.— -7 h 5 4 6 - 5 5 2 ©fi 

5 • ?tyfyyu-A5 0 0 {*, §5^7a=7 Rdfi^ 

fck©<fc9&5 r^i^JJy^j 3>-y-7P . 3,7 p 

«r£jfr*-5©a*#4H/\, 

[0 2 0 3] n— Jjju . y°a-fe S 'f-i: v dr^— . ^— ^ 
= 5'K 0¥;ili, UELfc7^=7 M*. Cttfc© 
^B*y*a*, *ftfe©^7^£-a$-l2:Tj?ra©J!S 

[0 2 0 4] foT, UlSw^^y ^ • •r-^O^Srgg 



3.-/W5 9 2©iry h©*v^-/v£*tvmei£$ 
*U tfi7j*v>a.-A-5 9 2 1*, ^ftb 

[0 2 0 5] Wz-tt. T=-~T^W(Otzib\zmW.Zti 
1t®& < © 7 y?=L- y V KM LT, 3ytM9PiCBSfi(ft 
it & Lft: / 7*£ =» v y — a- • tf^ * rtspsgf- 5 i§ 
-o\ • ay|-n-7 • y^y7l/-A5 0 0 

I*, 3vy-/u.^k-^ici5/7'llS^^1-5 

S?a— 9 2 ©-fey h<o*VzL—Mz*:ti?tvfcm-t 

r©i?^ JJ ■ 3 7y-/v . 3-7yKSrig«fl?t 

ta^*^— /V-5 9 2©t7 hC05*>> M^7^ 
4V\ 

[0 2 0 6] WTJ^a-^S 9 2CD-fey F<0 5*>> a 

: Bornhorst ) fci2«3ftTV*3R8W*!l|ip&B 
5:^. hT-r5fc*©y^!J tSr-^tfo *H^4,392,18 

^-r^^vKSrswL, v7as7 n^e^-rs 

m^nh37Hc#oT, jUffStifeft^-iSc^^ai 
51^ ffl^*5?a-/U5 9 2Sr-tn-?'tv«lfife1-5i 
t?#5<, -T>5efc>*>, 7y7*3.= 7Kf4, igE^^-u 

^-r?v^t, ^Ky^-y^. 

= y HcJ;i9^-jB!)*n5<l!l©7ah— vs' h • 77?^! 

[0 2 0 7] -e^ay 'ayhn-7- ^^V7l/-A 
/^W V • 7ot7t • *— ^A-*^a? • a> h n — 
9 • ^>fy7U-A5 0 o«, B 2 6 (c^-f J: 9 ic. y 
'fV-7*Bt7t-*-^5 0 2t 1 AttiTJ^-v'a.- 
/W5 9 0, 5 9 2%^tf 0 AtB^^^a-/V5 9 0, 5 
9 2 ttil5^7 U/v • *r — 9 • (A7J^^. 5 1 2 
t . WTJ/^ 5 7 2 t . ^fifBlS^^^ 5 0 4 ^tf) 

[0 2 0 8] y-f V • yn-lry-iJ- • 75— ^5 0 2ttMo 
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torola MC68040OJ: 5&^>f pu^u^yf (CPU) 

R AM (random-access memory) ROM (read-on 
ly memory) t % Hffitftt £ Lfcf-JK- MeJB £ £^t? 0 
^^^•yot^t-^;i/5 0 2H CPUt, ^ 
(RAMfeitfROM) fcSrW-t"5^if-#-KT 

i4rW/^5 0 4, 5 1 2, b7 2<D7y? 
4V • (mate with) 

10 2 0 9] ^y-^Ptyt«*-*/W5 0 2.li,, 
Wtttfj*^*— yu5 9 0, 5 9 2 coir s/ htf>5*>oa* 

• ^?-^/U5 0 2 A*S8itfm#*^a-^5 9 
0, 5 9 2 60-ty hcop fctf>«*o*s^a— /wirTiifs 

#oT, I/* zfu±yV • #—^5 0 2tt. 

T Kl^^eigLT, /HCfflBUfclT^-fc^l- 
arfcas-Ctao ^Oi5fc1"^i:. ^A-AtiteT 

[0 2 10] ^ol— A . ;/n— }. . ^~ ^ 

tti^e^*.— A5 9 0, 5 9 2(Dtyh05^ 

t^TfSo ^o-fey^- #-*/W5 0 2f*A 

^J;t5ffl^^a-;l/5 9 0, 5 9 2<£>ir;y 

**i«x, /^<B^o«j^jcft#i- 

•fey* • ^-^5 0 2755yn-K^r-t^ hSrA^*^ 
^-A5 9 0(Di?$/ h^fcttft;^^-/^ 9 2(Ot 

[0211] yvrf^-y h • :7n-K*-Y* f • 
KTIS, -=e^a. — ^ • a 5 0 

Otci^gfiSixfc, ttS^WA^^^^Ij 
^A^fi^f*, tH^^-^oL-/V5 9 2<£>irry Mc<fc!K 

?vw asm -r yvmm £ nx v j y n 

[0 2 12] ^gfiffittf^-r* 
^>fy^Ptj/t' *— ^A 5 0 2 tt**fi|Btt/<^ 



• K?>f :/ 5 0 6 t . f^^/vf-^ • 7-—-?%— h y 

K?-r^5 0 8taflrsrfT45. £*>k, 

V-'TJX? - K?^:/5 10fci«5K:*-f ^-:/n 

[0213] *&fifBtt^;* 5 0 4 f*S C S I (Small C 
omputer System Interface) :/n h=t/Ut^ 

[0 2 14] yy^yh^t^^-f^'Ty 

*U ^>f^- *-^5 0 2 tCfeii^tLfc 

^ • 7y^a- K$r, Kt^*^ • 

H>y^- K5>f ^5 0 8*5it;/4fc«^ny b° 

-^^^^ • K9-r^5 1 otc r^^Ty^j 

£#-C#5o V • yptyf • *-^/W5 0 2d\ 
fc^V^f± x /<— yi~/U* $ 5 6 0 (H2 7) 

• I/jK— hSr/N— Kt^-Y^^ « Ky^^5 0 6lrn 
^(log) fSr ir^«t s ts o usK— hfijfc 

i> h • y tf— ^5 2-5 8Ofc*<0^l/— x 

7^^50 6ic^hTr5rt^xt^ o r^i5l-b 

—^aVSr, 7^->^Ky^^5 0 SlzWA^titz'r-y 

• H—hV fcSv^tt, 705^^^^?. k 
?>f ^5 1 Otc^AS^c^ayif-^^^^^L 
T, J^Yfjxpo Yy-f ^Icn^- KtSI ir^Tlr 
£0 ^tf)^ t^i/-f>f y/^fA' y7h!>x7 

^SICJfSCT, ^aettfcfVM* 5 0 6-5 1 0 

li> Motorola MC68302 Integrated Multiprotocol Pro 
cesser©* SfcaMBttKl «fc 9 * tt€H©Jffl)^ HSA* 
*^-/P5 9 ooiry h(c, iiELfciSI^ *4>> 

• /Ptyf . *-^/U5 0 2#88&£;h/C^5 0 0t|^ 
ff^ 1 6bit *^«3 2bit i£^® 

u/i^A*^^5 l 2lc±5. ^^y-/Dt 
yf - • A^-=t^a— 9 Oco-^y HASgE 

[0 2 15] 0 2 eiC^-TA^^-^^— /V5 9 0 
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[0 2 16] A^v^-WS 1 4 tt»J»/^^3.= y 
h546-552£r, 027 iC^i 5 * S>» y • 
=3 :/ h n — 5 - ^^^7 U— A 5 0 0 |C X JifcJOv' y 7 

£tr&5fc*. A^v^-vus l 4S: ^v/<*fK| 

M^yh, I-***, *mnv 

[0 2 17] i 4^^yr/v« b 

-^>-^±^^3/^-v?Sr ry 5/^V(listen)j i" 

5 1 2^j^$tiT^5ifoyair^-^ • v- 3 >- 

-A- 5 1 4l±v^o-CfcAAIHIP«*Sr MjEfc) M> 

[0 2 18] JBt||/<*/Uany h5 4 6-5 5 2 f£> ^ 

Vari-Lite, Inc., of Dallas, Texas J&SflRJE-fS 
Artisan (SftffiS) 3yy^i5«3>y^ 

[0 2 19] #Jx.tf, *t=3lT/HM»^/p- h 

h«rS^1"5fcft<O^Si:, ®^£;h,£7!Kfc£v>te7* 

[0 2 2 0] $e>(C N ^y^^^«»^/V5 5 0tt, 
SrUHftU IpJSeK^ 2o£)3r jl— Ol^^aT/l' • ^ 



[0221] fx-V^MJ^ *f&i$)/^/v ■ y 
ac— h y ^^©J®J^>rW • 3.^5, h 5 5 2 

icy a^/H-srias-ct, ^po^TiSbWlcUfi 1 

IXy^(patch) j ZtLTZW&ft, !)3-;^tlfc^r 

[0 2 2 2] ii^<0«flp/^/U • :x- y h 5 4 6 ri> ^ 

±3$Lfc^^-^feJ:t/^hy ^^fggo 
:^S/^'^yF54 6^ y^- 

y^WPa^y— /V\ Maitf, Vari-Lite, Inc., of Da 
lias, Texas *JE3g-r4mini-Artisans(»»iffiaO 

«S&**»0#,fcfiL^Ati5i5fc, Coy^~h* 

[0 2 2 3] ixyT/V- h-^>v^X5 2 
TV^Jlp/^/U • h 5 4 6 - 5 5 2 a\ ^il,^ 

x-^SrS«L^>-yy ^r«J:5K, A* 

y^~h^^--<i^-^^ y^~ hMfli^ 

(0®J^/N°^ .a-yh5 48-55 2 C»LT*^U 
— > a V'Srtf 4 5o WW^/W • s/h5 4 6-5 5 

*u^o ^-r^^w '^-/vtim lcd(i 

iquid crystal displays) fi\ E L (electro-luminesce 
nt) ^77>fy^»f-{^l/>f./^i/^ V F (vac 
uum-f luorescent) ^Sfc^r • *£?a.— 
LEDdightemitting diode) *ir9 ^ 

v\ 

[0 224] «HP/<*/U • ^.n-/ h546-552t 

tf. Industrial Electronic Engineers, Inc., of Van 
Nuys, CaliforniaKcoPixie Graphic LCD Switch<£>£5 
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jx-fuj • any h\Z7&&£i£X^V>hi'Z>Zk& 
[0 2 2 5] :/yi/^#*y<D$fg 

"*-i?3><D%mT*mt~tZ>kZ „ ;/y y<o 
5r^/W • a~ y hK^^Sfti?'^^ 

10 2 2 6] TV^tf^y • *4 y^0>^\Z^ WH 
(0 2 2 7] MW^/U • any h 5 4 6-5 5 2t, 

tt. p-*!>*»3L^=i-irfl!>J:5ftn-iry yy - * 
«0»^/K «J;itf, ^oi-x/^hy **©Jffii$gB5 

5 2*fcttJ>^- F/^7^« =*yy-/W5 4 6 
5 *«J»^/V», o-* y ©J^Hgt y -711 

[0 2 2 8] l&||i/^-a^ 7 h548-552 

£VM*£fc, lWJ»/^.^5,H548-5 5 2 
~Cf £ 0 £ kfc, ©JUP/^/V • ^-a 5^h54 6-5 5 2 

x-r^^W • any y* 

[0 2 2 9] - any h 5 4 6 - 5 5 2 

©j#p n y y—/v±i^(D^— YV=>rh y — x ^ V ^ 

^•>»aSB«r#l4S«*t-r«ri:*t»t5 0 Mf|/<* 
/V-any H54 6-5 5 2 teg^CD^y-T 1 ^ y^ 



*/V-aay h£r+r#-h-f5fc#, &W£7ny7J± 

[0 2 30] MIDI (Musical Instrument Digital In 
terface)^-v^— y^5 1 6;^ Ethernet^- h • ^v?jl 
— /V5 1 8 t\ RS232 V y • h • 

-^5 2 0A\ fcS^i*. lf7*A^a^5 2 2 
£r£*T. iiJDOA**^*-^Sr, 12 2 61c 

*t" J: 5 l-S^r 5 r t 5 0 

[0 2 3 1 ] MI DIAA^^S 16(1 MID 

*jfc**vc^5 0 »i©asMm 

0-7 • ^ >f y 7 1/- a 5 0 0 K i 9 4** hfc«»3 

-t*<t5^ % e/y7/V7-^ • yy^ 5 2 4|:it), Ales 
is MMT-8 Multi Track MIDI Recorder 5 4MIDI 
5 5 6 K v MIDI A^*ri^- 

So 

[0 2 3 2] «2©**«t?f4. W*B5 5 7i\ fo 
SIM*. MIDI ry-h(note)j Srtoft-f S d i: 
tSffiC0^/V^t x MI D I A**$*a— frb 1 6£ 

^cm i d i y — h n 1^7^ ^ *^mmwt 

Z>tzib, ^ri^^y • • J4>7 5 0 

0i££9gff£;ftgiR£;ft,5o 0 2 7 lC^rf<t 5 fc, « 
^•^5 5 7£MI D I 1^3— 5 6 §r 
^LtMIDIA^^-/V5 1 6fcSBR-r5£fc# 
-C#So $>SV>«*/c > 1«S5 5 7S:MIDIA^ 

^^-,1,5 1 6 tcag^r s r h z> 0 

[0 2 3 3] MIDI 2 8iOMI 

D I y*— b^^LTV^C0t* x a^<Dft!jftl^yl/.a 
-7h54 6-5 5 2±0*Kl 28©<7)^^y4r, - 

SoMi d i y — hie r^yiry^j -rsr^^f 

So ffot, (WW^^ • any h 5 4 6 - 5 5 2±C0 

y^ • ^7-^5 0 2 Jci 9 nyy-^ . avy^ft 

ffi*tl> -tUT, *J y • T'a-tiyih • jj-*;U5 0 2 
fi^ayy-z^nvyKS: rvytfy^j £jft,fcM 
I D 1 a-sry KiC£&1"5£ t^T#5 0 -t It, MI 
D 1 1/3-^5 5 6iCi9fa@:i-Sfc* > MIDI NOTE ON 

K*mi d iA**ya-^5 1 6ice^-f sr 

MIDI NOTE OFF ^vy K^l^3-^5 5 6 ^^1" 

[0 2 3 4] MIDI IN zK-h-egfgSftfc^y F5:I5 
^-rS<t5{-^=»^^5 5 6Sr«^i-5r tic* 9, «J 
^/^/V • an yh546-552 ±0^^ y SrJf T L 
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[0 2 3 5] Z<D£o\ZLX, »m<0^1tttM 9 fc*t 

h546-552 Sr#giJO*#^i- 5 FBoard Control 
Cues (#-K«JW*a.-) J £r«fe£-f 5££#T%5 0 

K> f-si—X/^ h V ?Affl'$s<*/V5 5 2 
(0 2 3 6] z<d=* yy- /Kot^u- rftbo 

£<£>33^ M^^y— A'CD^^u— ^ft, #cl;:#cfc> 
Ha^cO^^^rlc^oT, 4 6-5 5 2£ 

[0 2 3 7] $£ot, MIDI U=i-^5 5 6 ttSc^KI 

-Y^**S\ MID I W3-^5 5 6KJ; 5BB*6i-5i 
t *"CSS 0 WIP^/V • h546-552£#r 

• * hSr, MIDI u = — ^5 5 (5tt3b*65fc 

[0 2 3 8] MIDI 1/3-^5 5 6d^(DMID Iff 
ttfcot, MIDI AA*$?»— ;V5 1 6 -Cgfi^tt, 
fcMiDIflf^ TV-f^y^Offfl, MIDIA^ 

5 5 2lceiS1-5fc*) tf>3W*Ll\ MIDIA^ 

^^-^5 1 6-e, v^<nmktm 

[0 2 3 9] ±34Lfci5C MIDI 1/3-^5 5 6 

*\ 1 o«±<£> h7y? zmmc^is^ r 5 r t as-ct 

t^-Cf NOTE ON =^^K£N0TE OFF^y K;&S 



#"Cfc3 0 i||/^.ar:5/h5 4 6-5 5 

2<£>^y tf>'^$^^TV^ftV^3K^^S^jfTLT%, MI 

di 1/3-/55 6iri5ia»$ti*v>rt^ tt^-r 

[0 2 4 0] ft#05tedS«|t?tt:, &t-$km\ *>5V> 
l*> MlDiy-h^^-rsrt^x^SfficD^^ 

5<fc5K, MIDIA^^5 16«f5^ 

^•MWa-r^KKTylf^i-Sr fcKJ:0, MIDI 

[ 0 2 4 1 ] M I D I y*s<4 * 5 5 7 K<fc 9 dfe/^tbfc 
MIDI NOTE 0Nn-rV K^it/MIDI NOTE OFF nv^K 
fi, MID IAA^^-/i/5 1 6\££tyf$Mi/X7 L J>> 
\Zi&m£tlZ>Zb\Cfj:Z 0 MIDIA*7^^5 5 7 

-ett, ^^r/nir^i*- • o 2tce^1"5M 

MI D I A^^ol— /V5 1 §<D7u~t y y-\c£ 

9. ^E-cdmi D I =3^>-FSr*fjc&i-5ayy— 
[0 2 4 2] ^e^^-y • 3Vha-7 . ^xfy7 u — A 

fct, 2o<o*-KSr»flW5oas»4UV\ Bio 
K~Cfi, ^e^zry • n . y^y7 U — A 

5 0 0(cJ:9Sff$ttfc^y^^MW3^yK, -rft^ 
MIDI N0TE0N=i^y KSfcHMIDI NOTE OFF a^V 

[0 2 4 3] U^^b, K-Cfifc • ^ 

y hn-^ . y-f^y 1/-A5 0 0ic±5gm$tifc3 

[0 2 4 4] A#^i^— ^5 9 0(O^y h<7) 

^yir-^A^^e^^-zHci^Sft^tifctt, ^ 

[0 2 4 5] ^v^^y • ayhn-7 • ^>fy7l/-A 
50 0Ki9iO3-sr^K*5SfllS*t5i:ff%lC, 
vyn-feyf- • ^^5 0 2H&5-^^^^5rJl^ 
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®/<%jv . a.s.y K546-552 KrSjtt, 
5 4 6-5 5 2fc£2!1-3f::«\ X*e^a-A'6 1 4 
[0246] WflP^A' •a=5-F54 6-5 52ll, 

<fc!>> •*fcl83ff 5£fcfc45. *<Oltje£;rVfcir7' 
*^[SEL] *«A*rbTV^4v^»*KHU Hfllttl* 

[0 2 4 7] *©Jb % *?^**'9tt/'att!N*3-rV 

y^f ^ntyf • ^5 0 2 
<'<fc 9 , tyS5 9 2 Ot* OtU^^^a-zHc^^f 

5 9 2I4^<Z>=i-?>'K£ x b^/BJR-f-SW 

[0 2 4 8] 02 6IC*tAA i e^ a -;l'5 18tt, ft 
aS^-^iiffiffl^Ethernet^— h Sr-f >-7"y 
5. ^^'J^VhW-^-Crt, Ethernet^— h Su 
n Microsystems SPARC 2ayifa-^ • 9-^77-5/ 

02 7fc*1"J:5K:, ->!)7/V-f-^!)^HLt 
;> 3 > 5 5 8 LT, y -v?^JtStg73Sr^-t--5 B 

IWb?^asy hi LTtt, 0U;ttf, ttJE07/693,3 
66-§-CW*$tlTV>5fSfi7*ni;i^^ 3 v. y-hfc- 

#1-5 7 y 7*3.= s, h^fcs. 

[0 2 4 9] ^-©±, ?yy 4 y9 * > !7 — ^.x^— > 

3 V5 5 8«rflJfflLT, ra/<7y^ro*77^V-^ 

V^Sr 3-7V*- h-f-5(D|cigLfcy 7 h? 

[0250] AZMrS^*— tV 520 l4RS232C£&i' y T 

— SJfe^ljTtt, 0 2 7 (C^-T «t 5 »C, RS232 h 
y T/V?—? •])>-? 5 28 Sr7>LT^-y^-/W • a V 



i> • M<-h£, teO^SSr, I*©7^ 

/^yl-i, SfJ^^yU - a= 5/ h54 6-55 2 

t. /<— y-jvt/* ^vbf^-^s 6 otcfe&l-s;: ta* 

T?§5. C©iptCLT, y-f/W • ri^fzL— * 5 

[0 2 5 1] a:E&^-rA[HlS§fc:, AA*^=.— ;W5 2 
0&$$.tlZZti>W&L\>\ tV^Wtt, RS232 7*— 

a»£>-C3i>£o «toT> 02 7fc*1"i5K:, 
3^ ha— 7 • >^V7i/- A 5 0 0tt\ y*— 

• y V9 5 3 0*3iUt«MliI^ V^^ol-^ 5 6 

*7-**- M°-hi x «&rofim£, gCftM 

[0 2 5 2] B2 7JC^1*J;5t^ 7tn^' 

^Rtf, tr^-r— 7*- U3-^5 7 Ofcitf/ 

Sfciitf^Tjy- 7^e>. ->y r/vx-^ • y 5 3 

2Sr7>LTSft1-2>i9»i, A^^^^-/V5 2 2Sr« 
JtS1-S<0/5W*L-V>. roi5(ci-5t, eft7- 7° 
. U=i-?5 7 0*J±Uf/*fcI**p<7 5 6 8\Zi*)£. 

^^H7JSr*1-57V7'3.= s' RC, figij<0^-^y 
^584 ^UT, e2H-5C£#-e$ 

3. 

[0 2 5 3] ttJ**^=.— /u±J6LfcJ:5K: 4 y-f^7* 
n-fe^/f- • *-^U5 0 2 by^a-^y Y*4V9y 
^-^-TSfc*. (ti^i?a-/V5 9 2^gftf5©)J5 
»*LV\ ttlTJ*^— /V-5 9 2©ty htt. y^r^T* 
otyf • ^5 0 2IC. ^5 UAstiiX);** 5 7 
2, !^g/j:T K^*l*JiV3>-ha-/n^c0 

fl&l-« 3 2bit— ?/^*fcJi6 4bit 

[0254] h59 2 ro^fflAt^a-zHi, 1 o 
W±cD-r>l'^o7'n-fe S /-y-, fd^ti, Motorola MC68302 
Integrated Multiprotocol Processor tJitWotorola 
MC68332 microcontrollertCj; UfJ^I^tbSfO^^U 

[0 2 5 5] ±JBLfcJ;5(^ W^^a-yP5 9 2<0 

fc>*>, =S-=e^3.— /p^s, • ay ho— 7 • y^f 

>7U-A5 0 0£, \9<<y°$k±.<Dyy7=>.=.yY 

gijac0ji«7n h=/vi:^iet7 f -^7^— r-y h 
SrW-f 5^&©ttl^7*^'f ^t©-fy^7i- ^ £ LT-y- 
-7*1-5 CI 5* * H7-^ fc LT«fiE^n5<© 
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-y • tjyzru- A 5 0 Ofrb9t{t*ti1t*S=*9 y 

[0 2 5 6] RfcRJWSjJ^ 0 2 6*Sj;tfHl2 
■f J;5IC, tti^J*i?a— yV5 9 2<75iTS> H)*J?a- IV 

©IK (preference) Kjg-g- $ -tt % Mi^fA 
(0 2 5 7] J^Ufci5fc, "fey h 5 9 2 <0#tti;*J* 
[0 2 5 8] *%Mg<0jI6l! 

. ayy-;W Vari*Lites (afiffi 

8) Series 200 lighting system (VL200S)M;t 

VL2(S»m«) A\ VL2B (Sftffitt) *\ VL3(jffi 
«) *\ *5WiVL4(i9«) luminaires^ipfcflHW^ 

^ KSrfiftgfrr 5 c t 5 g BMfci>r*/<9 y * 

7uV=.??t, ^^.v^yt, hy^(trus 
[0 2 5 9]9ii<it ±^Lfci5l:s W**^* 

-^5 9 2C0iT;y h^^a^Vffcot, 

fc =* w KKlS»i-4 £ fc W t S 9 > h £ir 



[0 2 6 0] -t<D_h x a^^v?aL— /V5 9 2<Di?y h 
tt» ^fifBttrV^ ^5 06-5 1 0 j&^Orj-^W- 

[0 2 6 1] ffl^s;a-;U5 9 2 4)iry h<D*i?~— 

[0 2 6 2] *H*«T»r±, 3 

fc3»-C**aiMtpr«9^«y «ittf, Vari*L 
ites (&mmm Series 200 system tBI## It 

t^"C#5 0 U**i; a -/U5 3 4*Vari*Lite(a«ia 
fiS) Series 200 (^^) systemOjift^n h zijvt*, 

Jl/fc^f Ht. Manchester^ yn^^ ^Srffl^fcffi* 

rRj^yr^-^— ^y>-^2 6A2T*$>oT, *?^tjv 

[0 2 6 3] »»^5^^|tSr^Ri:i-5giMbRr3g5 

3 5d5«J«*JXTV^5 0 ^oT, SJ^^^a^S 3 5 

[0 2 6 4] *HHSffilT«:, ^y— ^Sr^n^o:^ h-f 

^Sct5(C, BJA^ya^S 3 6 tfrtt5©««t 
y^yiC* YT^Z>tz#>, Afflft&Ktt, avhn-9lC 

* 7r>f/^«:>f ^^y-^-r^i r-^y>->2 

Lfcta^^a-/v5 3 6 fc*riw<5G>a*#* lv\ r 
aieis^v^s 0 6-si o^?>s«-rsr t^-ct 
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a. 

(0 2 6 5] lttt*i?a-A'6 3 6 K|Jl&ttlt£ Lfcr 
53 6tU^- ; ?54A4 0W-C|»i3|U-C, gjgteftfc 

[0 2 6 6] trrt^^-^n^i^htSiWS 

oTv a*^a-^5 3 8tt, f—9 9 is? 2 6 A 5 

2 2, ±^Lfci?tC, *^7 5 6 8*fc»ilf 
ftf-T'l/a-ys 7 0 &7>Lt\ f x^-ft-§"4rSffi 

[0 2 6 7] tftfj^-v'a.-A'S 3 8lcH«ftlt^rLfckr 

^4**OKi8W*^W-C, ffi^^-vVS 3 8£# 

[0 2 6 8] X hTStlfcT^A- • 9774 As* 
MfcltLT, T-t— YZfi1z\f 9 

£i£1-<5 J; 5»C % W^^a.— ^5 3 6*5<fct/5 3 8& 

^ h"f %tz#)<»7 ! i?i>jV • *f—977'(tV 

7V7*a = 5, Hie^-fStJtJ:, fctj73*i^-/P5 

3 8 fc J: 9 Ttn U\ 

[0 2 6 9] ^^--^7^=;, b&^jK- h-f 
5^73*^^—^5 3 6*5^1/5 3 81^ -it—i^tim. 

hW^^T'^CT, H * -¥7 7 4 /\s*T-i-u 



[0 270] 026 {C*1-HJfe^T*lt, mWi<Oy ! —f V 
>9 5 8 4 f 7*^-A73*^=.-/W5 2 2 t fr^W 
7j^3.-^5 3 8©IHfcRtt. *<a|»T\ fcTy'tfli^ 

-A-5 2 2-eT7"o^-7 J ^/^^€rm\ O^T?, 
5 3 a^*f*J9;v-T-rxitrffi&%fit>-r 
IC, jSAD©»;^^5 8 4jc:«t«)v ^T^ffi^A;*)*^ 
3.-/V-5 2 2*>?>W^ ; e^3.— /V5 3 8(C, T^n^ff 

-4^5 0 2 trtg|5^^5 1 2*JiT/5 7 2(Dg^|g^j 

±m-%t>mm zhzm^-ez v 5 8 4 jwpj 

[0 27 1] 027 fc^fj; 5 fc, &o*>»© tf7**A^ 
trWWfciflrr « i 5 fc. ^t^A^S^-zus 2 2 

4ll:-7;pf7 , u^->y^Lt, (^©m. SiK^nfc 

*^^l-/W5 3 8»C«i^t-50^4 U\ 
[0 2 7 2] Z<D£ 0 |C LT, fft-7V7'ai3'h 

1-5. tfT^W;*-*^— /P5 3 8tC^K$JxTV5# 

[0 2 7 3] >f 1 99A"'i*— 9 J7T4Mt* *4^7° 
D-feyf- • 7^-^7V5 0 2 «d<t t) , mjJ^SzL—MZ*: 
tl?il7'B-\t*vx h^^Scom* Lv\ L^L, 

— /V5 9 2<?5-fes' h©*-^- /KO^^-f^t-^fo 

[0 2 7 4] 7>7"i=? h • T'nt^W^-^ 
fe'l'^— ^trtf-r^- r^^- i//P^(dissolve)j tfctt 
T!7^^(*ipe)j -fSip^mSrUffl-Sfc*, 7V 

fo-7 • pt-O'^U'— A5 0 0frt>7'y7'=L-y hlC 

2 K^-f ) jW^/^8 0l^:ov^TISiMUfc^^£•C s ^ 
77-f5/^^'r7-^7T—>3y^e>)i\ foSVMi, 
m*a*^5 4 6-5 5 2^e>^-y ^-h^JvS. 

[0 275] *nmm-Cte. tiifi*i?*-/X<5 4 0 
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AC/<V-m%&S 4 4 Sr«»i-5fcae>, DMX-512 
7/^-f^!Jy^ 5 4 2H^!Jy>'ht5o DMX- 

T x Si§55 1 2fflO^^/VSrf-^- m 5 1 2ffl5fc 

»©ft*^«ffl07^ar:y h K«I9 «3 w 

[0276] *$a£«Tf4, «a-e*aicfij«$tt5 5 

B2fcov^T8iWLfcJ: (WHI*a^-? 6 4 
[0 2 7 7] • h 

• 

^;u5 0 2ia»), A*/<*6 1 2^lt, Xts 
[0 2 7 8] ^y^Ptyf • # — */W5 0 

2fc<fc9g^£;h,fc*x-** • hfc, A**S? 
a— /U5 1 4 K i 9 , MU^*^ • y h 5 4 6 - 5 
5 2fc"t>*r5*\ feitf/*fctt, A^i^-^5 

20tiD^yt^. 3^fcToL-^5 6 ounMBr* 
-tw*5. rtLbww^/v^, 54 6- 

5 5 2, 5 6 O^t^^f-f^^fA • h!) 

[0 2 7 9] tO±, • hSr^^L 

##f1"?>fc#), A I (artificial intelligence) 7*9 

•JflP^'V* 5 4 6-5 5 2^l/-r^y^ • 
h free 7©— sut tt^y^ h-^ts: £#Tt£ 0 

[0 2 8 0] ±ot, M»7^^5 4 6-5 5 2^ 



[0 2 8 1] ^>Ty^ntyt^-^5 0 2^^ 

1 4 y^^mmmmt \,xKmsr&o#» 

fcfc:, MH^'a^sf h 5 4 6-5 52<Doh<0\ 

/^^^ k -WKtoh* ^-y h5 4 8ft^ousK- 

k ^yh5 5 0fcfi2H-5fc»* M#Pa 

= yF5 4 8©/ntytll v mW/<*iy hi v 

'^1^5 left 5o 
[0 2 8 2] f52$0^^/V- ^n-/ h 5 5 0ft7f- 

St^1-£ 0 ^!>7/V- h-^>v*;*5 2 3fc«SK*JxT 
V^SKOr'V** -Tftfc>^> «HJ><*/U- any K5 
5 2iC^-r^fc*. S2Wa- y h5 5 0^nt 

1 ffl9t'<*A' • any |x 5 4 8 JCi 9 ff*P$HfcM»A 
s M 2 dUP/*.*^ • a^i 3/}550 X*<< 

[0 2 8 3] (irA. ^ yfr— h-^^^ftHS^B 
71^5 0 2ieei^-r^fc*. >7 W<^*J#»tt5 1 4 

d 5 Mft 5 fHff k -T 5 t V * 5 (experience) 

[0 2 8 4] S/y^nt>fXKSa*-Km 
7 . • ^^fy7l/-A5 OO^A^^a 

— /V5 9 OOty b^^E-^^r— /K^>1 oSr^UT^^ $ 

v\ 

[0 2 8 5] $ e>ICgiJO«ft^- KT?«, ^Vzl y . 3 
^Vn-y - ^ >f ^7 5 0 0 CWJSftfc(B»/< 

^/l/.^^y b 5 4 6-5 5 2IC > ffiitlftT^T'wr 
^St. ^^olT/U • ^--^^>f K (override) *fcflR 
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IS, SjEftrtX$>5 e 

[0 2 8 6] ^r^fc*. 3^lfa.-^«MftflR 
10 2 8 7] "TIBft^T^XIHPtfflcpJMRrfBlcrs 1 

k m&y y ? t v * 5 Aft 5 $ * 5 £ 5 

[0 2 8 8] ^H0fto#>0!Ofe0!|*r, xno 

[0 2 8 9] MOjHM'ett, 9J1««I^7AS^ 

[0 2 9 0] ^-v^y • ay}>n-7 • y^f >yu— A 
[0 2 9 1] 02 8JMn o 

A, 24B, 2 4 Ct, 1 oKittSUSaVlfa-^S 
60A, 5 6 0B, 5 6 0C, 5 6 0 D t , ftSftlCIS 
l^KJb^ *s9V*l*- • ^i^a— yi^6 0 2, 6 10 
A, 6 1 0B, 6 10C-efc5^ ^^-fciUtff^gg 
»?y?400 (017) b&f LfcBMRttrtfcL-tv^ 

0 0, #Jx.tf, Ethernet*^ UTfflfg^fcttSo 
[0 2 9 2] «*0»J»$/*^AgS[**y YV-tl. 
<0t?T(peer)£ LT»ftr4C tistft « 0 -Tft;b*>, 



Citfs-Ct£ Q 2o^±(0®lffllV^-r^S^^x-^Sr 
^iceSlLfcfc^l^Cfcri^^y ^ Kconflict)Sr 

[0293] mm=>y—/i't5£xfs<—yT;\'* =*>v 

6 0 0 K8B»1-5«i(0«««r3R|ffl-f 5 

So 

[0 2 9 4] lo^f^^fAr-^'l/ 
#iHy t UT-icO^x-^^Sr^rl-So -co 1 OCT) 

^07/641,031-^ (*H4*^5,307,295 

fa : Creating and Control lingLighting Designs ) \Z 

^MZtitcX 5ftTOV*xA<0 3ft^7^£* hT 

[0 2 9 5] g 2 9 y y-;^jftI6!ift7-* 

hfrWHBAira J: ^fc«jEft*ttxv^ 

^ hr^tufc^^^^^y /PbwCD/^^^fc 

t£5<fc 5^fY^ h-T5C4:fcE^$nftv\ ^y 
So KiJ*/^6 6 4ft, /^t, 

fcv/f^n^Dt^f6 5 0tt* ROM (Read-Only Mem 
ory) 6 5 2fc^ hT$tlfc^n^y^5rllff 

^-K^TSt^*^ RAM (Ran 
dom Access Memory) 6 5 2!:^ bT^ti> 0 RAM*5£tf 
ROMtt'*;*6 5 4fc«8R£*lTVV5 0 * n:/p-fc 
yf6 50 tt^ /^6 5 4 fcSBK*tl,Tt^«(Hff-Y >^ 

ttfe'r^r^^W 6 6 21*^*6 5 4KS5»*JXTV^5 

^5. W^n^utyt6 5 O^y^Slf^y 
K 6 6 2^^^^>y^A^Sr^ V^7^-^6 6 0£ 
^LTR*»9, x^^y^ • ^— ^SrlBj— >-*:7 

• h y 6 5 8 6 5 4 =x 

[0 2 9 6] El 3 Ottiaffla^tra— ^©ASftftT— 
^rx^^-r^r^-fo ^ w7wtyf§ 2 OfiROM 
6 2 2\ZX hTZtlX^ZzfuyyAfrgftls^ /n— K 
¥4*9 • Kv-T^lc^ hT$ttTV>^7 p D^yAS:R 
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AM6 2 3lrn-KU RAM6 2 3 ^h<D^u #=7 A 
£^rT5 0 TK^ x-*, MfMI-*/<*654 
ft, W^D^Btyft, RAMt, ROMt, 

y* y 6 3 0 I*/** 6 2 4 R:S5«Sii-C*5 5 . 

l^-i/a^«r1>"#-hi-5 0 SSr^y^ • b^y 
V-/^6 2 8tt/<^6 2 4|CSSR$}vTj3 0, 

LT1>— y-f*o A^yVW^tt, >fX^^ai 

ii, -*V7$\ y^h^yfr, Yyy?&— ;V$\ Jy 

3 4«r^LT&jR$JvC^5) Sr^LTft 
10 2 9 7] tfUB^fc^— ^ 5 6 Of*. 9*— 

3 ^^^^t 7y^yhi:, JH91$*i£4M*«r 

3\ i/3-7r^^3^Wi/7fAO<ft^}lffl3 

• ^^^jtMr^^^WtSCim, y* 
ar S|3y^^(07>(^Ko r^xfv 

±ff/4fctt+^K6 4 2 tttiLt, AWO^ 
I0 2 9 8] 03 l*5j;tf03 2(^^>^^o:-^ 
^7x^.^a^6 0 2, 6 1 0H, iiC, A 



^y^y*-* -^i^— 7W6 0 2, 6 

ftTV^£TGD7y;/^~>;/ Mc, 3TyKSr77^ 
(funnel) U rft6>£T<D5 ^^-7 h(7>^-r^^ 

-?^yF7^ 9, ffi&fH 

*y M7— hZ>ft}<D7±— vy ]>X, 7*— 

[0 2 9 9] A^f-Y^^^a:— * • 7V6 0 2, 

6 10li, **L«U HkiKDy*-?* V Y b LT 

m&ztixx *> s mmftmmmiim* >^7^eoo 

1 o£X±o * 4 ^(D y i/zf=L ~ y h t cd>T y * 
7x^i:lTt-m^t^5o AfM'y^y 

x^y^^ • =*yy— 71- 3^^k«t, Afttt*^:/ 

[0 3 0 0] ^^-y^7^—7 • ^-v^— 71-6 0 2 
(03 1) ri, W^n^tr-fe^i^e 70t, ^<D^4 
?u7K*yVZ*^\s-Y^%mT^mtl7uyy& 
5r-&t?ROM6 7 2 t v ^^^^^oi-^co^W— 
iX 3 ^mm-*"?-*** hT1"5fc*<0RAM6 7 
3 fc, BIHS»7 h^-^ 6 0 0l:g«t5fc* 

cor— * !) • h9>^^6 7 8 >fy^7x- 
7;|hI^6 7 5JCftjR$jxTV^5^n> h/^/HSBIo* 

^6 74tt, M^^7x-7 • ^-^3.-7^6 0 2(D 

[0301] A^^^y 31— ^ • ^v?ol— 7W6 1 0 
(@3 2) ise]2 wz.TF-fTs-*— h • y tr— * »^ 
bic»jE£:LT*3»5, mw=>'y-/i'bm&7 s -f!)>'? 

6 0 Ofc^LTSHMrffS J: 5 ^c«^$i^Tv^-5 0 0 2 
3 (^^-f Manchester^ ^3—^4 7 0 ioil/Machester 

f3-^4 7 2it A^K^y^— ^ • ^-y^— ^6 
1 OKfc^T, i^^-^ y y^ 6 0 oic88Rl-5fc 
ft> ifi£x-^yy^- h7y^6i2tt^n 
5 0 W7y^5 y^ • -fy^7x- 7s* 

K • Tiryyy t. xy 3 ^4 70t % r 
^-^4 7 2l£&t*Zb#T?* % mmz. hy>*S-s< 
6 12\Z^tt^b&XZZ> 0 <tot, 
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— K- T±>7VteX^-h • y fc°-*5 6 (02 4*5 

y*-x .^^3.-/1,6 1 0 (0 2 8) irLTf— 

[0302] ffi^fflflflMRx— * •♦yh !7— ^ 600 
J4X3R«!pTS)oT, rfJfl£<DLAN (local-area-netwo 
rk) 7^-7^ hTfcfl. SWyh7-^±Of/<>f 

4, 6 0 5, 6 0 6£LTlSj$i*;ft,TV>S o @K*- K 

886 2 8, 6 5 8, 6 7 8, 6 1 2tt, *nyy^ 

h-/v$tt5 0 *>*VM±*fc„ (Hfllavy 

K-Tir^ytc, hy W-^BKS:*^ 

[0303] mz.t£. XT-v&Tzftm <D&&mm\ 

-^b6 04^g$^xVN^cOdW^bV\ ftJffl^V 
V-/U24A, 24Bt, «l«3Vtr»-^6 6 0A f 

5 6 0BHt, /N^asy h 6 0 4 * 

B3^?y^fcMe§jxfc®2/^rLn>j/ f6 0 5 |£&R 
^TV^o M^f^7x^6 10A, 6 1 0B, 

6 1 0Clii2/^ 7 h6 0 5Ka8RSti"C*5 9. 

Wt#«r, A^>^7x- *6 1 0 A, 6 1 0B, 6 

1 0 c fcgaR^ti/c^s 7 yya- y htefftissti/ci* 

Hc«B»*ttfc*3^3.riy h6 
0 611, &±t£yl/zfzi~*, h&&Vtf-hi-Z1t$>\C 

^yv*, %y r 4** *—?MK&7*<-~ * 

telM-r . y ^tf>Av\ 
[0 3 0 4] iBJDOftHW^TAK*, tflxtf, 

— h • y**-**sv7 * yv^*6 0 8 

«afii«tafcB*ixfc*2, ^3, t6Xxm<D^^- 

[0 3 0 5] ^U"> 3 XDjjfe 



[0 3 0 6] T^Srl^^lc 

^yy^so, 1-#fr*>> f^i =»vy-yv-eiiw« 
iifcsjo 3 y y-/^ 8 0 tc i 9 5 r. fc jj5-et 

6 jfrlC. Wy^^^Jfinyy^ 
^AWo^i^^fcJ:9»WII**tt5*-e. £52 

<D7^zr- y ^ ^^y77A©4f^)3yy^ 
3 y y^-/n:»^ t fjtis i 5 f:, * 
[0307] ^v-y 3 yc»2o r^y^y h 

• n*/£ K (lamp-unit-locked) J K"CH, ttf(03 

yy^/Hc^ft^^y^^y ho^-^Sri/ 

*—K«rfflv^T, RRWv^^ASr, fci^yy^w 

Hti/^lo^3yy-;K7)^P ) 3YyKS:y3-^ 
[0308] ^u-y 3 y^3^ tyy^mmvy 

9 K(lamp-funct ion-locked) J Klftt^ ffilcO^v 

ftttlffiSr, S^^yy^/^^Lt, i/y^yy 
3.= s/b©te<0«fg. tf-^^iUf^-A^ 
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[0 3 0 9] ^1/^3^14(0 ryy/^yf 
• y ^T*f K(lamp-unit-limited)^~K-C«:, ©J#=i 

-fix? ^mw-tz Z t tfST*§\ yy/^y 

jy^yf^ ifo<D=i>y—Mzi:*) y a— 

a>y-/HcJ:?) y 3-^nfc* a -c?^a=:y 
fflioa^y*- A*feo*a- • y a— /u • =t-*>V&M 

[0 3 10] ^W"> 3 y<o^5tf) r^r/flttElftt 

(lamp-function-limited) J ^E— K~CH^ SilWa^y— 

a\ $>sw* x rixe>^)«lffi3&s«|BI8S=tvy-/Hc<k 

[0 3 11] #-Kl/^' *fcttH«<D^n 
*:*-7!>\ ^n^tf^w. 

^tyyt^WJ^yy^fj:, i^^ovh^ 

^a-Sry 3-/^5: &*i-c$5£^ av-y-yw • 7 

^tzl— • y ARB 
O^U-^as^-^y K£&f£LoV>^recall*#* 



vSrJ¥TLTA^6 2o*fc«3oO^^T^^ • # 

T y^^i>(D\c^ >-£ 3 [§l£fcf*4 Eft T-TSfctt 

[0312] ty^^fy^ ^^y^J^3>y-/^ 
"C^^l:^^ • ^rau— H\ ft* 

yy^yf-J^f^y^ y>-^ 

[0 3 13] ^/W^/V- a>-y— /Vj:->g— 7t-Ov 

b<o*m ^ 

az/t^-^t, ty7^yc, RUSH, -r/v^y/i^j 

f-^7i:gf?r4i63-7yK?rMt52oK 
i03yy^pflt03y7^ h&#ftL4tt*tff 

^♦ynmn ^yfca^tTO^y^ 

^rt^TtSo *<^MtbTHt, v;^;i^Jfll3V 

y— /^t, ixg— yx^A- • -r— * * 4$ - zf*y 

[0 3 14] y(Or7^-^h • ^e— K*C 

ffifltO*!H»3>y— /WciQaiT*^ 5/ b-tZZ t& 

^-^.^^^ (v-3— • ^r^*) IciD^s/ 

[0 3 15] >>3 >£>^2C0 ri/ 3 — 7r^ 

• K (show-file-locked) J KTtt, ffigcDn 

fctt^yg-if^^^wasx^ y h^riB*^3- 
s-?t4 wf-z %miE~rz> 5o 

[0 3 16] >3^(D^3C0 run— K • 

^ K (record-locked) J K"Ctt, ffiltCDn^y— 
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[0 3 17] Vg-7y>f^g>3Sff 

[0 3 18] Va-7r^ SUBa^/lfa-*-?? 
Jx^iplc, '*y$ 7*7*71/ Y • A— ^^ft, 
[0 3 19] JtftS^^^ftWa^y-A^ 

-t^^ e r^^t>-3yy-/i'2 4co«i6 

[0 3 2 0] ■7^^nyy~;ni77t^ h • K 
2i^=i>y-/ncE^$nTv^i\ ^7^©i7y 



[0 3 2 1] syfa.=. y h6 0 6 0>£5*'^ 

sii^yy-^f-^yy^* h?:7-f s^a»s> 

• 3^y-A-2 4 C:fc£UW8=i VfcTa— ? 5 6 0C 
tt, #B4*ff5, 282, 121^»^^ttT^5 <t 5 
^n^x^^ygy-^hTW «:« y y 

^7y/^7 h • -fy— 7r-fM^!>yD-K 

6 o ooffi^^^y>hic^t^b$^v\ 
[0322] RW^y*— h • ^vy-^ri^^yix 

? ■ ^byt, Bir^yy^ - 

hoaaE0^7^^Sr*«i-5^fc*?T?#, ->3 

-rsritfS-Ct. ^^ifcltlMJflnyy-.;^ 
v^H57^^7 p w • !>>f 9 

[0 3 2 3] 7^^7 p U>{^jyt7 > h 
^oTV^5 0 fig^0^77A(^)3jJ:7C^7^feoT, 

>>^^A^-^ • ^hy^§ntv^i/ 3 -7 

7<Y A- • X-^^-^t^^HT^S^-X/UcS^t, 

sfyyjyt • 7 s -r*:/^ * y^~^$/ hi*, v-*x 
[0 3 2 4] ?* v > yry ^7>fy^ -x^yv^ 

10^77^y^ • f^^^K • 7*—?y 

? • 7<<— K^^^Sr, ^-y5>f ^ • i/3 — • ^Pi/7 
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fcf±R£#(Dtf-A£:/n^:n^ mtStelc, 

<07-frti\ 3g*&(gobo)tfV^-^ * 

^S;h/0*5 0 «*<£>i>— . 77!) TVWjJ^ fig 

10 3 2 5] 7-^r>^ * fcT^ — - 7^ W 

«r«tfc^f/KO!7^+y^. tf»-MHfrJ-* # 3& 

• 5>f* (block-like) ft*&;Jre, mn!*o*-c*5 

VZfiltyJ b • fcf-Afcfc, tiy- • iciO 
ct^o ^n^^g >- (3l3fc«) 

5 0 > 7V/a^yh^jtt|g^ffc^ feCDflV 
£9, fcS-A?)#|£ (terminus) SrSSi" 5£ ia*?* 

• x^*^tr— a • £^ y y ^ lt, *f 



/uv -m>b\cftvz> 0 —ft, tr-A^^ h y 
* '^^-^^rSir, 3ttf-A£^/w-;/ft;-f5 
^OS, ^^^^Oftt^fttf-ASr 

[0 3 2 6] *a-#!)a-A/§n5t % y-^^. 

[0 3 2 7] ^-r—^oM^^LfS 

PA *T<D&BB (fish-eye) tTa— «r»S rim, 
b*fct-/^y KHBW h^^Olf^— i, ±frbfttz 

s>j -e^nrt^-c^ (Alttfctti o o) mm 
t57^=5/ h • r kw©^ ^**tsr 

[0 3 2 8] ^^^/l^ > a— -fee? * x >f (Chann 
el-usage Display) 
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r— ^yry*^ • x?^— m*<, x-* • 

f-^lS/^7xXt, -fes/ h • 
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1. Title of the Invention 
LIGHTING SYSTEM 

2. Claims 

I ♦ A distributed control system for a . 

lighting system, comprising: 

A. one or more control devices for entering parameter- 
controlling inputs according to a specified format, said 
parameter- controlling inputs directing the operation of said 
lighting system, said control devices including a data 
processor coupled to said parameter-controlling inputs and a 
memory coupled to said processor? 

B. one or more computing devices for storing, editing, 
and displaying data related to said parameter-controlling 
inputs, said computing devices comprioing at least a data 
processor, a memory coupled to said. processor, and a data 
display device coupled to said processor; 

C. one or more load interface modules each including a 
data processor for controlling said respective interface 
module and for monitoring data link signals, each of said 
load interface modules supporting at least one device - 
control data link network; 

D - a control -resources data link network connecting 

said control -devices, ooid computing devices, and said load 
interface modules; 



B. at least one said device -control data link network 

having a common path for connecting said load interface 
module to a plurality of multiple -parameter lamp units each 
having means for producing a light beam having a plurality 
of adjustable parameters relating to beam characteristics 
and drive means for. controlling a plurality of said 
parameters in response to said parameter-controlling inputs. 



2 
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2 . A method for operating a distributed control 
lighting system equipped with an intelligent lighting 
assistant, said lighting system comprising an input device ; a 
reasoning engine, a data repository, a load interface module, 
a multiple parameter lamp unit and a network, the method 
comprising the steps of: 

injecting an operator parameter command into the 
reasoning engine via the input device? 

evaluating said operator command in the reasoning 

engine; 

comparing said operator command to a three 
dimensional model resident in the data repository, the model 
comprising a representation of the system and a system 
operating environment; 

calculating a system parameter adjustment based on 
said operator command and said three dimensional model; 

composing a system command to achieve the parameter 
adjustment ordered by the operator command; and 

transmitting said system command to the multiple 
parameter lamp via the load interface module and the network. 



3 . The method of claim 2 # further comprising the 

step of: 

displaying a representation of the three dimensional 
model as altered by the system parameter adjustment on a 
graphic display device. 

4 . The method of claim 2 , further comprising the 

step of: 

implementing the system corrmand upon receipt of an 
additional operator command. 
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S . A method for programming operations of a 
distributed control lighting system equipped with an 
intelligent lighting assistant, said assistant comprising an 
operator command input device , a reasoning engine, a data 
repository, and a graphic display device, the method 
comprising the steps of: 

injecting an operator command into the reasoning 
engine via the input device; 

evaluating said operator command in the reasoning 

engine; 

comparing said operator command to a three 
dimensional model resident in the data repository, the model 
comprising a representation of the system and a system 
operating environment; 

calculating a system parameter adjustment based on 
said operator command and said three dimensional model; 

composing a system command to achieve the parameter 
adjustment ordered by the operator command; and 

displaying a representation of the three dimensional 
model as altered by the system parameter adjustment on the 
graphic display device. 
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$ . In a distributed control lighting system 
connected by a network and comprising an operator command 
input device, a general purpose computer having a system data 
repository, a load interface module, and a multiple parameter 
lamp unit; an intelligent lighting assistant, said assistant 
comprising: 

a reasoning engine interactively connected to said 
operator coimiand input device and said system data repository, 
s^id reasoning engine configured to calculate" system parameter 
adjustments and system commands responsive to said operator 
commands, and further connected to said interface module for 
transmitting said system commands via the network to the 
multiple parameter lamp unit; 

said data repository maintaining a three dimensional 
model comprising a representation of the system and a system 
operating environment; and 

a graphic display device, whereon said reasoning 
engine displays the results of implement ing its calculations 
of system parameter adjustments, and system commands responsive 
to said operator commands on said three dimensional model. 
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3. Detailed Description of the Invention 



This application is a continuation-in-part of patent 
application Serial No. 08/273,262, filed July li, 1994. That 
application is a continuation-in-part of patent application 
Serial No. 07/898,385, filed June 9, 1992, which is a 
continuation of patent application Serial No. 07/766,029, 
filed September 26, 1991, which is a continuation-in-part of 
patent application Serial No. 07/555,946, filed July 19, i 990/ 
which is a continuation of patent application Serial No. 
07/249,225, filed September 22, 1988, now U.S. Patent No. 
4,980,806, which is a continuation of patent application 
Serial No. 07/120,743, filed November 12, 1987, which is a 
continuation of patent application Serial No. 06/887,178, 
filed July 17, 1986, now abandoned. 

[Technical field to Which the Invention Belongs] 

The present invention pertains in general to 
stage lighting systems having intelligent remote 
lighting fixtures and intelligent data distribution networks, 
and in particular, to the modular control of such remote 
lighting fixtures and data distribution networks. 



[Background of the Invention] 

High performance computer- controlled lighting systems, 
such as disclosed in U.S. Patent No. 4',9fi0,80€ to Taylor et 
• al.j can readily handle the tasks associated with the remote 
control of multiple-parameter lighting instruments, including 
the communication of large amounts of data for simultaneously 
executing multiple parameters in hundreds of lamp units. 

However, there exists a demand for increased flexibility 
in such systems so that individual system components can be 
upgraded or replaced in an efficient manner, without affecting 
the operation of the entire system. 

In addition, increased flexibility is desired in such 
systems so that various aspects of the lighting systems can be 
reconfigured, as necessary, to accommodate the varying 
requirements of different performances. 

Controllers for modern lighting systems often must be 
capable of simultaneously supporting diverse lamp units having 
different data requirements. Increasingly, lighting designers 
are demanding to utilize a variety of control devices and lamp 
units in their lighting systems in order to achieve desired 
lighting effects, often including lighting equipment produced 
by different manufacturers, each having their own unique 
coitmunications protocols and data formats, 

[Problems to be Solved by the Invention] 

Unfortunately, however, limited space and manpower often 
makes it impractical to utilise separate lighting controllers 
to control che different types of lighting equipment used in a 
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single performance. In addition, many operators of lighting 
consoles demand a standard interface for controlling the 
different types of lighting equipment used in a single 
performance in the same manner* 

Unfortunately, the development of a standard lighting 
controller, capable of controlling the varying types of 
lighting eguipment provided by different manufacturers, has 
been impeded by the diverse communications protocols and data 
parameters associated with the lamp units provided by the 
various manufacturers of lighting equipment. 

Accordingly, it is an object of the invention to provide 

a lighting controller constructed of independent, replaceable 

and reconf igurable modules. 

A further object of the invention is to provide an 

interface system for coordinating communications between one 

or more control devices and a plurality of lamp units having 

diverse communications protocols, functions and data formats. 
Yet another object of the invention is to provide an 

improved means for controlling a number of different types of 

lamp units. 

An additional object of the invention is to provide a 
lighting controller that facilitates the designation of 
parameters for diverse lamp units. 

A further object. of the invention is to provide a 
lighting controller having a standard user interface for 
accessing diverse lamps units in the same way for each type of 
lamp unit. 
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[Means for Solving the Problems] 



- In one implementation of the invention, a distributed control system for a 
lighting system is provided, including: one or more control devices for entering parameter- 
controlling inputs according to a specified format, the parameteromtrolling inputs directing 
the operation of the lighting system, the control devices including a data processor coupled to 
the parameter-controlling inputs and a memory coupled to the processor; one or more 
computing devices for storing, editing, and displaying data related to the parameter- 
controlling inputs, the computing devices including at least a data processor, a memory 
coupled to the processor, and a data display device coupled to the processor, one or more 
load interface modules each including a data processor for controlling the respective interface 
module and for monitoring data link signals, each of the load interface modules supporting at 
least one device-control data link network; a control-resources data link network connecting 
the control devices, the computing devices, and the load interface modules; and at least one 
device-control data link network having a common path for connecting the load interfece 
module to a plurality of multiple-parameter lamp units each having means for producing a 
light beam having a plurality of adjustable parameters relating to beam characteristics and 
drive means for controlling a plurality of the parameters in response to the parameter- 
controlling inputs. 

In one implementation of the invention, a method far operating a distributed 
control lighting system equipped with an intelligent lighting assistant is provied in which the 
lighting system includes an input device, a reasoning engine, a date repository, a load 
interface module, a multiple parameter lamp unit and a network. The method includes the 
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steps of injecting an operator parameter command into the reasoning engine via the input 
device; comparing the operator command to a three dimensional model resident in the data 
repository, the model comprising a representation of the system and a system operating 
environment; calculating a system parameter adjustment based on the operator command and 
the three dimensional model; composing a system command to achieve the parameter 
adjustment ordered by the operator command; and transmitting the system command to the 
multiple parameter lamp via the load interface module and the network. 

in one implementation of the invention, a controller is 
provided for a lighting system adapted to control a plurality 
of multiple parameter lamp units. The controller comprises: 
(1) a primary control system having source interface 
processors for receiving parameter- controlling inputs ana a 
central processing system cooperating with the source 
interface processors for encoding the inputs into system 
control commands for exercising control over the lighting 
system? (2) a plurality of supplementary control units 
coupled to one or more of the source interface processors of 
the primary control system for entering parameter-controlling 
inputs; and (3> one or more of the source interface 
processors further comprising translating means for 
translating the parameter controlling inputs to meet 
requirements of the primary control system. 

According to another embodiment of the invention, a 
lighting system is provided, comprising: 

(1) a control system having a central processing system for 
processing parameter- controlling inputs, the central 
processing system responding to the inputs and generating 

II 
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system control commands for exercising control over the 
lighting system; 

(2) a plurality of multiple parameter lamp units each having 
means for producing a light beam having a plurality of 
adjustable parameters relating to beam characteristics and 
drive means for controlling a plurality of the parameters, the 
plurality of lamp units being comprised of: 

(A) a first set of multiple parameter lamp units having 
memory for storing cues, and processors for executing 
cues upon receipt of the system control commands 
identifying cues; and 

(B) a second set of multiple parameter lamp units having 
a controller for receiving and processing absolute 
parameter values; and 

(3) a communication system for connecting the control system 
to each lamp unit, the communication system includes a first 
load interface processor for connecting the control system to 
the first set of lamps and a second load interface processor 
for connecting the control system to the second set of lamps , 
the second load interface processor includes a processor for 
translating the system control commands into absolute 
parameter values for the second set of lamp units. 

According to a further embodiment of the invention, a 
modular controller is provided for a lighting system, 
comprising a central control syBtem having a central 
processing system for processing parameter- controlling inputs, 
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the central processing system translating the inputs into 
system control commands for exercising control over the 
lighting system; a plurality of supplementary control devices 
for entering parameter-controlling- inputs according to a 
specified format, the parameter-controlling inputs directing 
the operation of the lighting system; at least one source 
interface module for connecting the central control system to 
one or more of the supplementary control devices, the source 
interface module supporting an independent data network that 
conforms transmissions to each of the connected supplementary 
control devices according to the specified input format 
associated with the supplementary control device; a plurality 
of multiple -parameter lamp units each having means for 
producing a light beam having a plurality of adjustable 
parameters relating to beam characteristics and drive means 
for controlling a plurality of the parameters in response to 
the parameter- controlling commands; and at least one load 
interface module for connecting the central control system to 
one or more of the multiple -parameter lamp units, the load 
interface module supporting an independent data network that 
conforms transmissions to each of the connected lamp, units 
according to the specific communications protocol associated 
with the lamp units. 

From the process point of view, the invention can be 
summarized as a method for controlling a lighting system 
having a primary control system from any one or all of a set 
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of supplementary control units having diverse signal formats, 
the primary control system having a central processing system/ 
the control method comprising the steps of generating 
supplementary control commands at one or more of the 
supplementary control units; coupling the supplementary 
control commands to the primary control system; translating 
the supplementary control commands generated by one or more of 
the supplementary control units into a format compatible vrith 
the primary control system; and processing the translated 
supplementary control commands in the central processing 
system into system control commands for exercising control 
over the lighting system. 

According to another embodiment of the invention from the 
process point of view, the invention can be summarized as a 
method for controlling a lighting system having a control 
system and a plurality of multiple parameter lamp units, the 
method comprising the steps of generating parameter 
controlling inputs; processing the parameter- controlling 
inputs for directing the operation of the lighting system; 
generating system control conroands for exercising control over 
the lamp unite; transmitting the system control commands to a 
first load interface processor and a second load interface 
processor each connected to the control system and one or more 
of the multiple parameter lamp units; transmitting the system 
control commands from the first load interface processor to 
the connected lamp units; translating the system control 
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commands in the second load interface processor into absolute 
parameter values; and transmitting the absolute parameter 
values from the second load interface processor to the 
connected lamp units. 

Other advantages of the present invention will become 
apparent in the following Detailed Description taken with the 
accompanying Drawings. 
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[Embodiments of the Invention] 

The present invention is an automated lighting system for 
providing illumination to a stage performance. Such automated 
lighting can provide a wide variety of illumination effects 
which are not possible with fixed lighting instruments. A 
typical installation for a computer controlled lighting system 
20 in accordance with the present invention is illustrated in 
FIGURE 1. The system 20 is shown as it would be installed for 
illuminating a performance on a stage 22. The operation of 
the system 20 is directed by a control console 24 which serves 
to manually set the lighting effects of the system 20 or to 
automatically . command the system 20 to produce a desired 
lighting effect determined by stored lighting cues. The 
console 24 is connected via a data link 2G to each lamp unit 
within a group of lamp units, one laup unit being shown by the 
reference numeral 28. 

Each of the lamp units, such as 28, have a unique address 
such that there can be individual communication between the 
console 24 and each of the lamp units. The data link 26 is 
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further connected to pedogtal lamps, such as 30 and floor 
lamps, such as 32. The lamps 30 and 32 are fixed but the 
intensity of these lamps can be controlled by commands 
generated by the console 24. In operation, the system 20 
causes the movable lamps, such as 28, to be adjusted 
individually for pan, tilt, color, intensity and beam size 
while the pedestal lamps 30 and floor lamps 32 are adjusted 
for intensity. With the addition of color-changer mechanisms 
34, pedestal lamps 30 can also be adjusted for color. The 
system 20 is operated to provide a sequence of "cues" for 
illuminating the stage 22. Bach lamp unit in the system 20 
can have an individual response required for each of the cues. 
A complete performance may require the setting of several 
hundred cues to provide desired lighting effects . 

The system 20 illustrated in FIGURE 1 shows a small 
number of lamp units, such as unit 28. 

However, an actual stage performance may require 
several hundred of such lamp units. In fact, a large 
outdoor rock concert could require the use of up to 1000 lamp 
units, it can readily been seen that many thousands of 
commands must be generated for driving each parameter of each 
lamp for each of the cues within a performance . It is very 
possible to require ten of thousands of commands during a 
single performance. 

The lighting effects provided by the system 20 
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must be properly synchronized with the stage performance to 
produce the programmed entertainment effect . Should any one 
of the lamps respond incorrectly or fail to respond, the 
visual effect may be destroyed. It is therefore vitally 
important that the lamps properly respond to the cues which 
are initiated by the console 24. 

In previous automated lighting systems, it has been 
necessary for a control processor to generate each command 
required for setting each parameter for every light in the 
system. As noted above, this can require that the control 
processor generate tens of thousands of commands and that each 
of these commands be accurately conveyed via a data link to 
the lamps . Should • there be any error in the data 
transmission, the lamp may respond erroneously and harm the 
visual effect . The electrical environment in the region of a 
performing stage includes many types of interference due to 
the. heavy consumption of electrical power, for both audio and 
lighting equipment, in a very limited area* This electrical 
interference can interfere with the data transmission from the 
console to the lamps and can cause the lamps to improperly 
respond. The system 20 of the present invention is designed 
to overcome many of these problems while providing the 
capability for almost unlimited expansion in the number of 
lamps which can be utilized at any one time for a performance. 

A functional block diagram of the system 20 as it is 
utilized to control a plurality 'of items of stage equipment is 
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shown in FIGURE 2. The control console 24 is connected to 
operate through the data link 26 for controlling a plurality 
of items of stage equipment. The data link 26 includes 
bidirectional paths 38 and 40. Path 38 of data link 26 
provides data communications between the control console 24 
and each of the lamp units and other units within the system 
20 . The path 40 provides data communication from each of the 
lamp units in the system 20 back to the control console 24. 

In addition to the lamp unit 28, additional lamp units 
42-50 are shown in FIGURE 2. 

The data link 26 extends to cover a considerable area in 
the region of the stage 22. To maintain the integrity of the 
electrical commands that are transmitted through link 26, 
there are provided a group of repeaters 52, 54, 56 and 58. 
The repeaters 52-58, which are further described in detail 
below, provide amplification and isolation for the data 
transmitted through the data link 26* 

The control console 24 serves not only to control the 
automatic lamps, such as 28, but can also be used to control a 
plurality of conventional dimmers such as set 60. The data 
link 26 is connected to a control signal converter 62 which 
transforms the digital signals received through the link 26 
into analog control signals for directing the operation of the 
dimmers within set 60. 

The control console 24 can also be used to control a 
plurality of conventional color changer mechanisms 34, such as 
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gel scrollers, affixed to conventional lanps 30. The data 
link 26 is connected to a control signal converter 63 which, 
like converter 62 # transforms the digital signals received 
through the link 26 into analog control signals for directing 
the operation of color changers 34. Converter 63 , however, is 
programmed to store intensity and color parameters for. each 
control channel, and is further programmed to produce at least 
two analog control voltage outputs for each logical control 
channel, one such output being applied to one of the 
conventional dimmers 60 and another output being applied to a 
corresponding one of color changers 34 . 

This arrangement simplifies programming of the lighting 
system, since an operator can specify intensity and color 
parameters of a suitably equipped lamp unit by selecting a 
single control channel. Also, by logically separating color 
controlling outputs from intensity controlling outputs of the 
control signal converter 63, the converter can be programmed 
to maintain the position of the color changer mechanism while 
fading-out the intensity of the conventional lamp units. This 
eliminates the annoying effect of colors changing while 
fading-out the system with the Grand Master fader. 

The repeaters 52-58 serve to expand the 
connections to the data link 26- This is termed "fan out". 

Other stage action effects may additionally be controlled 
by the console 24. For example, the data link 26 can be 
connected to a control signal converter 64 from the repeater 
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56. Converter 64 can produce control, signals for directing 
the operation of a chain hoist motor 66, an air cannon 68 and 
a special effects projector 70. 

The control console 24 served as an interface to the 
collection of stage devices which are subject to control. 
These stage devices and the associated control are termed a 
"Device Control Network". The control function is provided by 
a plurality of units which include the console 24. This group 
of control units is termed the "Control Resources Network" • 
This network includes a bidirectional bus 80 which provides 
data communication between the control console 24 as well as 
additional or alternate control consoles such as 82 and 84, 
The direction of the system 20 can further be effected at a 
remote location by operation through a remote control unit 84 
which is also connected to the bidirectional bus 80. 

A front panel 84 for the control console 24 is 
illustrated in figure 3. The panel 84 serves to directly 
control each of the automated lamps, such as lamp unit 28 , or 
to provide automatic control for all of the laiqp units. The 
panel 84 includes a group of key switches 86 which provides 
direct assignment of cue numbers for particular lighting 
setups. A group of rotary controls 88, 90, 92 and 94 provide 
color selection for a particular lamp unit or group of lamp 
units. Rotary controls 96, 98, 100 and 102 provide respective 
control of pan, tilt, intensity and zoom for each of the 
lamps. A group of key switches 104 provide function of preset 
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color selection. A particular lighting cue is entered into a 
console memory by operation of a store switch 106. 

A grand master fade control 112 provides overall fading 
effects for all of the system 20 lights at one time. A 
black-out switch 114 turns off all lamps at one time. Cross 
faders 116 and 118 provide relative intensity control during a 
transfer from one cue to the next. The numbers of the cues 
involved in such a transfer are shown by indicators 120 and 
122. Cue numbers are entered at the console 24 through a key 
pad 124. An »S» key is provided for storing a cue while an 
«E« key is provided for entry of a new cue. The current cue, 
which has been entered at the key pad, is shown by an 
indicator 126. A group of key switches 128 provide for the 
entry of cue numbers for a firsc cue. A group of key switches 
130 provide entry of a cue number for a second cue. 

The control panel 84 can take many forms provided that 
it allows for direct manual control of the lamp units as well 
as for storing and recalling of cues for the system 20. 

An electrical block diagram for the console 24 is 
illustrated in FIGURE 4. The overall control of the console 
24 is carried out by a central processing unit (CPU) 140. A 
representative microprocessor for use as the CPU 140 is a 
model 68000 manufactured by Motorola. The CPU 140 is 
connected to a data bus 142 and an address bus 144. The 
control console 24 is provided with random access memory (RAM) 
14 6 and electronically programmable read only memory (BPROM) 
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148. Both of the memories 146 and 14B are connected to the 
data bus 142 and the address bus 144. The CPU 140, as well as 
other elements of the console 24 f can both write to and read 
from the memories 146 and 148, 

A hard disk drive 150 is provided in the console 24 
for bulk storage of programs and data. There is further 
provided a. floppy disk drive 152 for reading and writing 
conventional floppy diskettes. A controller 154 is connected 
to operate the hard disk drive 150 and is connected to the 
remainder of the circuit of console 24 through the data bus 
142 and address bus 144. Likewise a floppy disk drive 
controller 156 is connected to operate the floppy disk drive 
152 and is further connected to the data bus 142 and the 
address bus 144. The console panel 84, that is, the 

switches, lights, optical encoders, potentiometers and alpha- 
numeric displays thereon, is accessed through a console panel 
interface circuitry 158 which is connected both to the console 
panel B4 and to the data bus 142 and address bus 144. 

Communication with the automated lamp units is carried 
out by use of a direct memory access circuit 164, a 
communications controller 166 and a Manchester encoder 168. 
The data bus 142 and address bus 144 are both connected to the 
direct memory access circuit 164 and the communications 
controller 166. Communication is also provided between circuit 
164 and controller 166. The Manchester encoder 164 bi- 
directionally communicates with the communications controller 
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166 and aLso transmits and receives data to and from the data 
link 26. 

FIGURES 5, 6, 7 and 8 are block diagrams illustrating 
the electronics in a lamp unit of the type which may embody 
the present invention* FIGURE 5 specifically shows the lanp 
processor, memory and associated components. FIGURES 6, 7 and 
8 are block diagrams showing circuitry that specifically 
drives particular parameters of the light beam in a light 
unit . 

Referring now to FIGURE 5 r there is shown a lamp 
processor system 178. The data link 26 has the transmit and 
receive lines thereof connected through respective amplifiers 
180 and 182. The transmit and receive lines of the data link 
26 are connected through a switch 184 which is operated by a 
solenoid 186 that is driven by ah amplifier 188. The switch 
184 provides a "loop back" capability for making a direct 
connection between the transmit and receive lines in the data 
link 26 such that the lamp unit processor can perform 
self -testing without the use of the data link 26, The 
transmit and receive lines of the data link 26 are input into 
an encoder/decoder 190. (Harris Semiconductor Products 
Division Model HD-6409). The encoder/decoder 190 is connected 
to a lamp unit address bus 192 and a lamp unit data bus 194 . 

The lamp processor system 178 includes a 
microprocessor 200 which directs the overall functioning 
within the lamp unit and specifically generates the commands 
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which drive the mechanisms for controlling the parameters of 
the light unit. Microprocessor 200 is preferably a Motorola 
Model 68000. These parameters include pan f tilt, intensity, 
color and beam size* The microprocessor 200 is connected to 
the address bus 192 and the data bus 194. The lamp processor 
system 178 further includes a RAM and EPROM memory 202. The 
programs for driving the various parameters to the desired 
states and the cues for determining what these states shall be 
are stored in this memory. The microprocessor 200 is further 
connected to receive interrupts and send acknowledgements 
through an interrupt encoder/acknowledge circuit 204 {Motorola 
Model 68230) by use of an acknowledge bus 206 and an interrupt 
bus 208. 

Interface and timing of the various circuit elements 
within the lamp processor system 178 is provided by an 
interface and timing circuit 210 (Advanced Monolithics Model 
9513) . The identity of a particular lamp unit is determined 
by a thumb wheel setting which is included in a lamp unit 
identity circuit 212. This identity is input to the interface 
and timer circuit 210, a bulb power supply 214 has various 
interrupt and acknowledge states which are also transmitted to 
the interface and timer circuit 210. The microprocessor 

200 generates a series of control signals which are 
transmitted through a bus 216 to a decoder 218. The output 
from the decoder 218 comprises a group of control signals 
which are directed to a decoder 220 and further distributed as 
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control commands throughout many of the circuits in the lamp 
processor Bystem 178 . A group of control signals are produced 
by the decoder 220 and transferred as control signals to the 
specific control circuits shown in figures 6, 7 and 8. 

The data transmitted through the data bus 194 is 
provided to a buffer 228 which in turn transfers the data to 
the various parameters control circuits shown in FIGURES 6, 7 
and 8. 

The interrupt and acknowledge signals on lines 206, 
208 are provided to a vector generator 230 which generates 
corresponding vector states that are transmitted through a bus 
232 for transmission through data lines to the parameter 
control circuits shown in FIGURES 6, 7 and 8, 

The interrupt signals produced on line 208 are further 
provided as interrupt signals to the parameter control 
circuits in FIGURES 6, 7 and 8. Likewise, the acknowledge 
signals produced by the parameter control circuits in FIGURES 
6, 7 and 8 are transmitted through bus 206 to the interrupt 
encoder/acknowledge circuit 204. 

The data bus 194 is further connected to a buffer 238 
which transmits the data to both a direct memory access 
circuit 240 (Motorola Model 68440) and to the input of a 
buffer 242. The output of the buffer 242 is provided to the 
address bus 192, Handshake control signals are passed between 
the DMA controller 240 and the multiprotocol controller 246 to 
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synchronize the high speed communication of data to and from 
the microprocessor 200, 

A control bus 244 serves as a bidirectional connection 
between the direct memory access circuit 240 and a 
multi-protocol communication controller 246. (Rockwell 
International Corp. Model 68561) . The encoder/decoder 190 
provides received data and received clock to the controller 
246. Transmit data and transmit clock are passed from the 
controller 246 to the encoder/decoder 190. Various control 
signals are exchanged between the controller 246 and the 
encoder/ decoder 190. 

In the event an interrupt generating event occurs, the 
multiprotocol controller 246 asserts an interrupt output 
directed to the microprocessor 200. In response to an 
interrupt acknowledgement from the microprocessor 200 , the 
controller 246 places interrupt vectors, on the data bus 194. 
In a conventional manner, the microprocessor 200 temporarily 
interrupts processing to service the interrupt. 

The multiprotocol controller 246 has serial data 
transmit and receive inputs in addition to a parallel system 
data input. The multiprotocol controller 246 of the type 
identified is capable of DMA data transfers up to a rate of 2 
megabits per second. The high speed data stream of this 
nature permits the downloading of the substantial light unit 
cue information in a very short period of time. 



The encoder/decoder 190 operates in conjunction with 
the communications controller 166, shown in FIGURE 4, to 
convert the format or protocol of the data transmitted 
serially through the control processor 24 into. a format 
acceptable by the lamp processor circuit 178. 

Lamp processor system 178 includes a network of clock, 
control and power lines {not shown) which are routinely 
required for the operation of a microprocessor circuit. 

The lamp processor system 178 serves to initialize the 
entire lamp unit, command the operation of the parameter 
control circuits in response to manual input commands from the 
console or from stored cues, transfer stored cues from the 
memory 202 back to the control console for storage, and 
respond to broadcast commands received through the data link 
26 for recalling cues from the memory 202 for commanding the 
operation of the parameter control circuits, which are shown 
in FIGURES 6, 7 and 8. 

Referring now to FIGURE 6 there is shown a parameter 
drive circuit 254 which serves to operate stepper motors that 
are used within a lamp unit. Such a stepper motor is used, for 
example, for selecting color, determining iris size and 
selecting a gobo pattern. The microprocessor 200 has control 
and data paths, which are described in FIGURE 5 that are 
connected to a latch 256 and a timer 258. The interrupt and 
acknowledge lines noted in FIGURE 5 are further provided to an 
interrupt encoder circuit 260. The data captured by the latch 
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256 is transferred through a plurality of lines to a 
programmable array logic (PAL) 262. The PAL 262 produces a 
combination of control commands that are sent through a cable 
264 and an enable line to a power amplifier 266* The 
amplifier 266 generates a series of power signals which are 
transmitted through a group of lines 270 to a stepper motor 
272. The power signals on lines 270 cause the motor 272 to 
move, in a sequence of steps to a deeired angular position. 

The timer 258 produces timing signals required for the 
operation of the stepper motor. These timing signals are 
provided to both the interrupt encoder circuit 260 and the PAL 
262. Thus, when it is required that a stepper motor change 
position, the microprocessor 200 produces a control command 
that is sent as data to the latch 254. The latched data is 
then transferred into the PAL 262 which converts it into 
control signals that are amplified by the amplifier 266 and 
provided to the stepper motor 272. When each operation 
required of the stepper motor has been carried out, an 
appropriate interrupt or acknowledge command is transmitted 
through the circuit 260 back to the microprocessor 200. 

A further parameter control circuit .278 is shown in 
FIGURE 7* The circuit 278 is used with mechanical control 
parameter unite which require position sensing. For the 
present embodiment the circuit 278 is used to control three 
wheels and one iris. Each of the wheels and iris has a 
sensor. An example is presented for operation of a wheel, 
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such as a color wheel, by a stepper motor. The wheel includes 
a mark, or magnet which is detected by a sensor 280 which is 
operated by an index sense circuit 282 . The detected index is 
provided to the noninverting input of an amplifier 284. A 
fixed reference voltage is provided to the inverting input by 
operation of resistors 286 and 288. The output from the 
amplifier 284 is provided to a buffer 290. The output of the 
buffer provides address control, data, and interrupts for each 
of the parameter circuits to the microprocessor 200. An 
acknowledgement of each interrupt is provided to the buffer 
290. 

Referring now to FIGURE 8 there is shown a parameter 
control circuit 296 which provides drive and feedback control 
for parameters such as pan and tilt. The data bus from the 
microprocessor 200, as shown in FIGURE 4, provides both 
position and rate of change feedback and rate of change 
command data for a servo motor 298. The speed control data is 
input to a latch 300 which outputs the data to a digital to 
analog converter 302 which produces an analog signal that is 
input to the noninverting terminal of a driver amplifier 304. 
The driving terminals of amplifier 304 are connected to the 
terminals of motor 298. A tachometer 306 monitors the speed 
of motor 298 and provides a corresponding analog signal to the 
inverting input of amplifier 304. Thus, there is provided a 
feedback loop for determining the rate of rotation of the 
motor 29 8. The angular speed information is further 
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transmitted to an analog to digital converter 308 which 
provides the digital form of the speed information to a latch 
310. The output from latch 310 is provided as a data signal 
back to the microprocessor 200. 

The motor 298 is physically connected through a clutch 
312 to a quadrature encoder 314. The two outputs from the 
encoder 314 are provided respectively to first inputs of 
amplifiers 316 and 318. The second inputs of these amplifiers 
are set to reference values by operation of resistors 
connected between the power supply and ground. The outputs 
from the amplifiers 316 and 318 are provided to a converter 
320 which transforms the analog position signals into digital 
signals which are transmitted through a clock line and a 
direction of rotation line to an up/down counter 322. The 
output from the counter 322 is an indication of the position 
of the motor 298 and is transmitted through the data bus back 
to the microprocessor 200. The converter 320 further serves 
to produce an interrupt signal and to receive an acknowledge 
signal which are exchanged with the microprocessor 200. 

The repeater 52, which is similar to each of the 
repeaters shown in FIGURE 2, is described in further detail in 
FIGURE 9. The purpose of the repeater 52 is to provide high 
speed data transmission between the lamp units, as well as 
other controlled, stage devices, and the control console 24. 
The repeater 52 is connected serially with the data link 26. 
The repeater 52 provides bidirectional communication for the 
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paths 38 and 40. The lamp units and the consoles can each be 
considered to be both a source and a destination. The 
description of the repeater 52 is made in reference to the 
control console being a source and the lamp units being 
destinations. 

The repeater 52 is designed to handle high speed data 
transmission through the paths 38 and 40 which are preferably 
50 ohm transmission lines. Repeater 52 has a transmitter 
section 332, the upper portion shown in FIGURE 9, and a 
receiver section 334 which is shown in the lower portion of 
FIGURE 9. 

The data link path 38 is connected to the input 
terminals of a transformer 336. Resistors 338 and 340 are 
connected respectively between the two conductors of path 38 
and ground. Further, the data link path 38 is provided with a 
shield which is also grounded. The secondary of transformer 
, 336 is connected to the noninverting input of an amplifier 

342 . The inverting input is connected between biasing 
resistors 342 and 344. A capacitor 346 is further connected 
between the inverting input of amplifier 342 and ground. 

The output of amplifier 342 is connected to the input 
of a Manchester encoder circuit 352. The output from the 
Manchester encoder circuit 352 is passed through an invertor 
354 to one or more differential current line drivers. The 
output of invertor 3S4 is connected to one such line driver 
356. The output from the line driver 356 is further connected 
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into the path 38 for transmission to another repeater, such as 
52, or to an ultimate destination such as a lamp unit. 

In the receiver section 334, the path 40 is connected to 
the primary terminals of a transformer 358. Resistors 360 and 
3 62 are connected between the conductor lines of path 40 to 
ground. Again, the shield of link 40 is grounded. The 
secondary of transformer 358 is connected to one input of an 
amplifier 364. The second input of amplifier 364 is connected 
to the junction of resistors 366 and 368. A capacitor 370 is 
connected between the junction of resistors 366 and 368 and 
ground . 

The output signal from the amplifier 364 is passed 
through an invertor 372 to the input of a Manchester encoder 
374. The output from encoder 374 is further passed through an 
invertor 376 to the input of a differential line driver 378. 
The outputs from line driver 378 are connected to drive the 
differential terminals of path 40 of data link 26. The path 40 
is directed to the control console 24 or to the receiver 
section of a further repeater, such as repeater 52. The 
Manchester encoders 352 and 374 are driven by an oscillator 
382 which provides inputs at a clock rate of 16 mHz. The 
repeater 52 further includes a startup circuit which comprises 
a series combination of a resistor 384 and a capacitor 386. 
These series components are connected between the positive 
voltage supply and ground. An invertor 388 has the input 
thereof connected to the junction of resistor 384 and 
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capacitor 3B6. The output of invertor 388 is connected to the 
CTS inputs of encoders 352 and 374. The output of invertor 
388 is further connected to the input of an invertor 390 which 
has the output thereof connected to the reset .inputs of the 
encoders 352 and 374. At power-up, the reset signals to the 
encoders 352 and 374 are at an initial low logic level for a 
short period of time. When the capacitor 386 is charged, the 
reset logic state changes and goes to a high logic level for 
normal operation. Thus, the digital circuits the Manchester 
encoders are set to predefined states when power is initially 
applied. 

in a selected embodiment of the present invention, the 
Manchester encoder/decoders, such as 352 and 374 as well as 
encoder 168 shown in FIGURE 4, comprise an integrated circuit 
model HD-6409 manufactured by Harris Semiconductors Products 
Division. The Manchester encoders 352 and 374 have the mode 
select input connected to a logic high level thereby selecting 
the repeater mode. The Manchester circuit operates by 
receiving the high speed, data stream for conversion into the 
nonreturn to zero (NRZ) form. The clock signal is recovered 
from the data stream in a conventional manner. The data 
stream is then retimed and reconstructed before being output 
to the invertor. . In this manner any distortion in the nature 
of pulse width, delay or otherwise is not compounded through 
the transmission in the data link. The reconstruction and 
retiming of the high speed data stream at each repeater serves 
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to significantly reduce the data error rate through the data 
link 26. 

In accordance with a primary feature of an embodiment 
of the invention, there is provided a decentralized control 
over the operation of each lamp unit. By this it is meant 
that high level commands are dispatched by the console 
processor to the lamp units. This is termed a "broadcast 
command. " Bach lamp processor responds in an appropriate 
manner defined by the program and previous condition at that 
particular lamp processor. This is in contrast with prior art 
systems wherein the console processor stores all of the 
current information and data concerning the status of each 
lamp unit and each parameter within each lamp unit, in these 
prior art systems, all the cue storage of data information has 
been handled completely by the console processor itself, and 
the only data that was transmitted to the pertinent lamp units 
were the very detailed instructions, such as the number of 
pulses necessary to rotate a particular stepper motor a 
desired number of degrees. This is to be distinguished from 
the system according to an embodiment of the present invention 
which is configured such that the console reads its control 
inputs, and upon sensing a change does minimal processing of 
the changed input (such as providing the ordinal number of a 
switch or the identifier of a fader) and transmits this change 
signal to all lamps units simultaneously, in a single high 
level message. Each lamp unit then recognizes the intended 
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effect of this change and calculates the desired response 
within its own processor, in processing a high level command, 
each lamp unit processor requires no interaction with the 
other lamp units, or with the console. For example, a single 
message that a fader on a console has been moved is 
transmitted to all the lamp units simultaneously- Each lamp 
unit processor recalculates the balance of the recalled cue 
information based on the individual involvement with the cue. 
Various lamp units may have different actions for one cue, 
some lamp units may not be active at all. With this new 
configuration, all cue memory for instantaneous recall is 
maintained in each individual lamp unit memory. Each lamp 
unit thus has available all cue information within the unit 
itself. However, for backup and lorig-term or secondary 
storage, the console processor maintains a copy of the cue 
data for each lamp unit. This backup is maintained on a disk 
storage and is read into the memories of the lamp unit upon 
system initialization at lamp replacement or for a complete 
memory change over. 

It can be seen from the foregoing that the efficiency 
and reliability of the system has improved since the large 
body of cue data is transmitted through the narrow band-width 
communications link only once, namely, at system 
initialization. Thereafter, the cue data is available within 
each lamp unit, where the reading and writing thereof is 
performed in the environment of the high band- width local 
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memory, it is seen from the foregoing that the efficiency of 
the system is optimized, especially in situations where there 
is a concurrency of activity of each lamp unit in response to 
a newly generated command. The command from the console is 
simply transmitted to each of the lamp units in a system- wide 
manner as a broadcast command in one transmission. The 
activity required in each lamp unit is carried out 
independently of the activity in other lamp units, and without 
further data transmissions from the console. This results in 
a considerable saving of time and enhancement of reliability. 
This is due to the parallelism in the data link transmission. 
Moreover, the addition of more lamp units to the system does 
not significantly burden the console processor nor the data 
link. The system is always maintained in an optimum manner 
upon the addition of lamp unitB since each lamp unit adds the 
necessary processing power and memory required for carrying 
out its function, very little additional load is added to the 
work of the console processor when a lamp unit is added to the 
system. 

With the foregoing in mind, the console will be 
described next in connection with the functions of the 
processor system. FIGURE 10 depicts the primary functions of 
the console processor complex in flow chart form. On initial 
power up of the console, the console circuitry is initialized 
with predetermined internal variables, whereupon the processor 
enters the main sequencer program. This program is in the 
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nature of an endless loop which branches out to other 
subsidiary programs in a predefined and unvarying sequence. 
When each subsidiary program is entered in the sequence, it 
performs a specific function before returning to the main 
sequencer loop. 

One of the subsidiary programs of the console is the 
switch input sensing program. This program performs a 
complete scan of all the console switches appearing on the 
front panel thereof. The depression or release of any switch 
is sensed by the processor complex, whereupon the appropriate 
response routine is activated for each switch in which a 
depression or release was sensed. The status of each newly 
activated switch is transferred to the response routine. 

The switch input sensing response routines are 
individual scripts which specify actions to be taken when a 
certain switch is pressed or released. Some switches are 
functionally grouped together and therefore employ the same 
response routine. In" this event, the number of the switch 
within the common group is identified during the response 
routine, in which the number is used as a switch identifier in 
the script which is common to all switches in the group. 
Examples will be described below. 

A second subsidiary program which the console processor 
enters in the sequence, is the optical encoder input scanning 
program. As noted above, the rotary location of various 
console devices are determined, and acted upon accordingly* 
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The rotary input devices on the console front panel ccmprise 
optical encoder/hardware counter circuits of conventional 
design. . The optical encoder input scanning program is 
operable to read the counter values for each encoder, and 
compare the new value to the -value which was stored in 
accordance with the previous scan. If the comparison 
indicates a change in the position of the rotary device, the 
identifier for that encoder is combined with the amount by 
which the value has changed, the result being sent as a 
command message via the network to all laxrq? units. The lamp 
units individually determine whether the change in the rotary 
status of the console device requires a response in the 
particular lamp unit. 

A fader input scanning subsidiary routine appears as the 
third routine encountered by the main sequencer. This routine 
responds to the change of position of the slider fader control 
devices appearing on the console panel. The faders are 
essentially resistive potentiometers, and the sensing of the 
linear motion thereof is accomplished by analog to. digital 
converters. In this manner, when the fader position is 
changed, a new digital encoded number will be provided at the 
output of the sensing circuit. It is understood that other 
sensing circuits can be used with equal effectiveness. The 
fader input scanning program reads the current input value of 
each fader sensor circuit, and responds only if the value has 
changed from the value previously stored. As with the optical 
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encoder input scanning program, if the sensing of the fader 
shows a new position, the fader identifier is combined with 
the actual value read from the fader, and the information is 
sent via the network to all lamp units as part of a command 
message. The lamp units each determine the applicability of 
the new fader value based upon the fader identifier and the 
lamp unit's internal state. 

A pending message manager subsidiary program comprises 
an additional program entered in the sequence by the main 
sequencer, in certain circumstances, the console switches can 
be activated by the operator faster than the corresponding 
messages can be transmitted in accordance with their 
respective response routines. Therefore, if a response 
routine finds that a previous message has not been transmitted 
to the network by the console processor complex, a pending 
message packet will be generated by the respective response 
routine. This packet is sent when the previous message has 
been completed and transmitted. The pending message manager 
subsidiary program scans the various subsidiary programs for 
the existence of any pending message packets, and also scans 
if associated previous messages have been transmitted. A 
command message corresponding to a pending message packet is 
then dispatched by the pending message manager, when a scan 
finds that a previous message has been completed. 

A character display control subsidiary program is. 
entered by the main sequencer for servicing alpha- numeric 
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display devices on the console front panel. Several of the 
switch input response routines control the displays. The 
character display control program provides a common control 
interface for the response routines, in addition, the 
character display control program translates display data from 
the format used by the console system into a sequence of 
commands for the alpha -numeric display devices. 

Lastly, there is provided a switch lamp control 
subsidiary program. This program controls the lamps jin the 
various switches to indicate to the operator whether the 
switch is in a depressed state or a released state. In this 
manner, and in contrast to prior console switch systems, 
electrical switch contacts for carrying lamp power are not 
required. This has a substantial effect on increasing the 
reliability of the many console switches. The lamp on and off 
data sent by the switch lamp control program is placed into 
the console processor complex memory by the response routines. 
Retrieval of the data by the switch lamp control program is 
also necessary for comparing with the newest scan to determine 
if the lamps associated with newly depressed switches should 
be illuminated or extinguished. 

Also shown in FIGURE 10 with the subsidiary programs is 
a block indicating associated programs. These associated 
programs are enterable by various routines of the subsidiary 
programs. More particularly, these associated programs are 
entered on the occurrence of certain hardware interrupts 
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generated by the console electrical apparatus. Each 
associated program is a consolidated set of routines which 
provides control of various hardware functions, data structure 
or aspect of the console's logic state. One such associated 
program comprises the communications manager program. The 
primary function of the communications manager program is to 
control the transmission network between the console and the 
plural lamp units. The coordinated transmission of data to 
the network demanded by the various response routines is 
important to assure an orderly flow of information in 
accordance with the urgency of demands imposed by the 
respective response routines. The parallel nature of the 
transmission network is highly desirable insofar as a failure 
of one lamp unit does not affect the transmission capability 
of the other lamp units. This is in contrast with the "daisy- 
chained" or serially connected networks typically employed. 
As noted above, the communication path between the console and 
the lamp units are full duplex paths, i.e. a transmit and 
receive path on which independent and simultaneous ..data 
transmissions may occur. The communications manager program 
has control of the lamp units and the data transmitters 
located therein, thus can insure that only one lamp unit, at 
any one time, is using the network transmission path. m 
accordance with the communications manager program, there are 
provided two types of message addresses; namely, individual 
lamp addresses and the broadcast address. Bach lamp unit of 



42. 



-112- 



the system is individually accessible by the console processor 
complex by transmitting the unique address associated with the 
particular lamp unit. As noted above, each lamp unit 
connected to the network will receive the lamp address; 
however, only the address transmitted will respond. On the 
other hand, the broadcast address includes a lamp address 
field with a special value to which all lamp units in the 
network respond. Moreover, each lamp unit responds to the 
broadcast address irrespective of their individual lamp 
addresses ♦ 

The console utilizes broadcast messages and individual 
lamp unit messages for two different categories of command 
messages. Messages to individual lamp units are used solely 
for maintaining cue data on the storage disk, for reporting 
the status of each lamp unit and for responding to lamp units 
newly connected to the network. All other functions of the 
system are carried out by the broadcast messages. Broadcast 
messages, for example, are transmitted to the lamp units for 
placing them or removing them from manual control ,, Manual 
control of the lamp units is established by broadcasting the 
change command message and allowing the lamp unite to respond. 
In addition, cue information data is recalled by the console 
processor complex from the units by broadcasting the cue 
number and allowing each lamp unit to determine whether the 
cue is applicable. Once the entire syBtem has been 
initialized, all functions needed of the lamp units during the 
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course of the performance are in the nature of broadcast 
messages. With the architecture, the performance of a show is 
not impaired by the failure of one lamp unit which would cause 
it to continually transmit data, thereby tying up one half of 
the duplex network directed from the units to the console. 
The other half of the duplex transmission line of the network, 
that portion extending from the console to the lamp units, 
thus remains operative for transmission of console information 
to the units. As a result, each unit can react to the change 
of statuB of the console switches, dimmers, rotary encoders, 
etc. The receipt by a lamp unit of a message transmitted 
specifically thereto, is acknowledged by a transmission from 
the lamp unit to the console. In the event a response is not 
received from the lamp unit, the communications manager will 
retransmit the command message. This retransmission negates 
the effect, of any faulty transmission by the lamp unit because 
of noise or other problems. However, the lack of a response 
from the lamp unit after several retransmissions by the 
console processor complex is taken as an indication that the 
lamp unit is no longer operational. Selected messages 
transmitted by the lamp units will involve the transmission of 
data to the console. In a comparable manner, this 
transmission may be retransmitted by the communications 
manager of the lamp unit processor complex, should a simple 
reply by the console processor in response to the first 
transmission not be received, in the event of a more severe 
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network transmission line problem, the console transmits 
broadcast message a.t most three times to ensure the reception 
over a noisy communications line of at least one such message. 
Transmitted along with the broadcast message &re sequence 
numbers which correspond to the number of times a message has 
been transmitted. The communications manager programs of the 
various lamp units disregard subsequent repetitious console 
transmissions by the use of the sequence numbers. The 
communications manager program within the control complex 
receives console message in accordance with the various 
console programs, and enqueues such messages for transmission 
to the lamp units. If a particular message requires a reply 
from a lamp unit, the console processor will wait for the 
reply and, when received, pass it back to the program 
initiating the message before transmitting subsequent 
messages. 

Shown in FIGURE 11, which illustrates the associated 
programs , is a file manager program. The file manager program 
oversees the disk file system, and provides sequential, 
relative record and key indexed files for the lamp unit cue 
data. The cue data associated with each unit lamp is 
identified by a file identifier which includes the console 
control channel to which the unit is assigned. Programmed 
console data is also stored on the disk by files, one for each 
programmable console function. In all other respects, the 
file manager operates in a conventional manner. The 
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associated programs in the figure also include a disk data 
manager program. In a conventional manner, the disk data 
manager provides the functions of managing the list of free 
sectors in the disk, allocating the sectors to .various files, 
and locating a desired sector of a file and issuing the disk 
hardware signals necessary to execute appropriate actions. 
This program requires modification to control the different 
disk drives employed in various implementations of the 
invention. Another associated program is shown in the figure 
as the exception display manager program. The exception 
display program usurps command of one of the alpha-numeric 
display devices located on the front panel of the console for 
drawing attention thereto of the operator. These situations 
generally arise during operation of the console where the 
operators acknowledgement or assistance is required to resolve 
a problem. A script of display data for display on the 
alpha-numeric devices is provided to assist the operator. The 
displayed data may include expected switch input responses 
which require activation. Once the problem has been resolved, 
control of the alpha-numeric display device is returned to the 
character display program. 

The network state control program maintains management 
over the connection or disconnection of lamp units to the 
network. When a lamp unit connection is first detected by the 
communications manager program, the network state control 
program is signaled, in which event a sequence of checks is 
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instituted on various status bits reported from the newly 
connected lamp unit- These bits represent certain conditions 
and actions which are prerequisites of the console to 
recognize a fully operational lamp .unit. Response routines 
are provided for each of these status bits. The response 
routines specify actions for the console to take, based upon 
appearance of the respective bits. Examples of some of the 
functions performed by the network state control program are 
the downloading of additional lamp unit program code, the 
downloading of cue data for the lamp unit and the transmission 
of packets of data describing the current state of various 
console front panel controls. 

The disk state manager program monitors the insertion or 
removal of disks from the disk drives. A console processor 
interrupt is generated on the insertion or removal of disks. 
Because of the importance of maintaining updated cue 
information on the disk, it is of paramount importance to the 
operators of the console that notification is given of 
situations which prohibit copies of the lamp cue data from 
being updated on the disk. Notification of such malfunction 
is brought to the attention of the console operator through 
the exception display manager program. Such situations may 
occur when the proper combination of disks is not present in 
the disk drives. 

In accordance with the invention, there is provided a 
network real-time clock program which is operative to 
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broadcast, on a regular basis, a real- time clock information 
to the lamp units . The real- time clock information comprises 
date and time data information. This data originates from a 
battery powered integrated circuit in the console circuitry, 
and is sent to the lamp units by way of the communications 
manager program. The network real- time clock program is 
activated by a hardware interrupt. 

During the ordinary sequence of a production or show, 
the console regularly requests lamp status data from each lamp 
located on the console. Certain status bits, such as the 
cue- data- download request bit, cause activation of the network 
state control program. Other bits, such as the bulb failure 
bit, result in operator notification by way of the exception 
display manager as noted above. Still other bits are simply 
stored for later examination by the console operator. The 
lamp status scanning program is also activated by a hardware 
interrupt. In response to an interrupt, the status of a lamp 
is requested, and retrieved. Since the hardware timer 
producing the interrupts operates continuously, the console 
processor complex has available the most recent status 
information from all lamp units connected to the 
communications network. 

The operations of the multiple controller network can be 
illustrated by referring again to FIG. 2 and FIG. 11. The 
bidirectional bus 80 provides data communication between and 
among the control console 24 and an alternate control console 

43 



-118- 



84 , another control console 82 and remote control units 84. 
In one implementation, bus 80 is electrically configured in 
the same way as the data link 26, and the control console 24 
is provided with a communications manager program as described 
in the associated programs of PIG. n. This program serves 
the same function of controlling activity over bus 80 that the 
communications manager serves in controlling activity over the 
data link 2€. 

Two types of message addresses are provided, individual 
console addresses and a system address, giving the same 
functionality aB described in the descriptions for Fig. n, 
e.g., individual console is individually accessible by the 
main console processor complex by transmitting the unique 
address associated with the particular console unit. In the 
system address command, all consoles connected to the network 
can respond. 

Messages sent by the control console 24 to the system 
address contain information including the status data messages 
received from the lamp units, the state of the controls on the 
main control console and system status data processed and 
formatted by the main control console. These messages allow 
the additional and alternate consoles and remote control unit 
to produce the same displays as the main control console or to 
display different information. 

Messages sent from the additional and alternate consoles 
and remote control unit to the main console are of two types. 
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One type of message is of the same format aB the messages sent 
by the main control console to the lamp units . These messages 
contain data identifying the console which originated the 
message. As previously described, some messages to the lamp 
units produce a response from the lamp unit. This response 
also contains the data identifying the originating console; 
this data permits the main control console to route the 
response to that originating console. 

The second type of message sent from the additional and 
alternate consoles and remote control unit to the main console 
is a message to the main console itself. Some of these 
messages duplicate an action or sequence of actions performed 
by an operator manipulating the 'front -panel controls of the 
main console. These messages result in the main console 
sending to the lamp units the same messages that would have 
been sent had the controls physically been manipulated. Other 
messages cause the main console to modify the cue data and 
programmed console data which are stored in the lamp units and 
in the memory and on the disks of the main console/ 

An example of remote control unit 84 is a hand- held 
device which the lighting designer carries onto the stage to 
use for fine adjustments to the azimuth and elevation of the 
lamp units, ensuring that the light be&m does (or does not) 
fall on a certain set piece or area of the stage. Another 
control console 82 could be a director's console, used by the 
lighting director during rehearsals to display data for cues 
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other than the one currently being performed by the lamp units 
or to recall cues in the lamp units when the operator is away 
from the control console 24. 

Another control 84 is a controller as disclosed in U.S. 
patent application serial no. 641,031, entitled "Creating and 
Controlling Lighting Designs". This controller provides 
controls which includes prerecorded commands and hands -free 
execution of a performance. The disclosure in application 
serial no. 641,031 is incorporated by reference herein. 

Another controller 84 is a control device as disclosed in 
U.S. patent application serial no. 693,366, entitled 
"Improvements In High Intensity Light Projectors* . Provisions 
from this controller includes commands in video format. The 
disclosure of application serial no. 693,366 is also 
incorporated by reference herein. 

The alternate control console 84 could be located at a 
position which gives a more appropriate view of the stage for 
certain types of performances. The provision of this 
alternate console would prevent the necessity of moving the 
main control console 24 and its connection to data link 26. 

Another member of the control resources network in 
communication with bus 80 and its connected controllers is a 
unit having storage and playback facilities to store, for 
example, the state of the settings of the master console 24 
and to recall or "play" those settings or modifications 
thereof, during certain modes of operation. 
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Other implementations of bidirectional buB 80 are 
possible, including a Local Area Network and a point-to-point 
data link between the control console 24 and a single 
alternate control console. Additionally, the additional or 
alternative control consoles or remote control unit could be 
implemented on a general -purpose computer, rather than the 
purpose-built console. 

The foregoing is illustrative of the various programs 
available to the console processor. The following is an 
example of the execution of various above-described programs 
in response to the depression of a certain "channel select" 
console button by the operator. The depression of this button 
is operative to bring a certain lamp unit under manual 
control, whereupon the rotation of yet another console knob is 
effective to rotate the lamp about one of its axes. In the 
following illustration it should be realized the effect of the 
decentralized control of removing console functions into the 
lamp units. Also it will be seen that with the provision of 
the present invention, there is a significant reduction in the 
processing required of the console, compared to conventional 
processor controlled light systems. The sharing of tasks 
between the console and lamp units also results in an increase 
in the speed to change a system parameter. In addition, in 
the disclosed embodiment, the console is no longer required to 
sequentially process a large amount of data for every lamp 
unit in the system. Instead, each lamp unit processor 
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accomplishes the action required to achieve a change for that 
unit. Moreover, with the present system, the entire system can 
be changed in the time required by a single lamp unit. Also, 
because of the simultaneous transmission of messages to all 
lamp units, lamp units added to the system do not result in 
proportionately slower rate of transmission as was typical 
with prior systems. In accordance with the example for 
changing the position of a stage lamp under manual control, it 
is assumed that the console has performed the usual 
initialization routines. It is also assumed that the console 
processor has established communications with the lamp units, 
and has provided each lamp unit with all the data required for 
the respective initializations, and the system is operating in 
the endless loop of the main sequencer. In this loop, the 
main sequencer awaits input from the operator by way of the 
console devices. During its sequencing routine, the, main 
sequencer calls the switch input sensing program which scans 
the switch input hardware of the console to produce a map of 
the switches appearing on the console front panel. In this 
map, set bits represent push buttons being pressed, and clear 
bits represent push buttons which are not depressed. This map 
is compared to a copy of a similar map in the memory which 
include the status of the switches as read on the previous 
scan. In comparing the present and previous maps, a third map 
is produced which indicates switches which have changed states 
between the generation of the first and second maps. If no 

S3 



-123- 



changes are f ound, the program is returned to the main 
sequencer. Assuming that a change has occurred, the program 
scans the third map, bit by bit, to identify the changed 
switch and to activate the corresponding response routine. The 
identifier and new state of the newly activated switch is 
passed to the associated response routine. The newly operated 
switch is identified as a member of the -channel select" 
switch group, all of which are. serviced by the same response 
routine. The switch identifier indicates the number of the 
switch within the "channel select" group which along with an 
additional group selector specifies the control channel to 
which the switch corresponds. All one thousand of the console 
control channels are each represented by a single bit in a 
console memory map, and indicates whether the channel is or is 
not selected for manual control. Because of the pressed 
switch, the value of the bit for its channel is inverted, 
thereby selecting the lamp for manual control. In the event 
the lamp is already under manual control, the depression of 
the switch would have the effect of removing the lamp of unit 
from manual control. Although only one bit in the noted map 
has been changed, the entire map is now broadcast to all lamps 
simultaneously. Bach lamp examines the map and determines 
whether its control has been changed based upon the broadcast 
message. After transmission of this map throughout the 
network, no further processing is required of the console in 
response to the depression of the switch. 
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The response routine entered in response to the 
depression of the switch, calls the communications manager 
program with a command to send a broadcast type message. The 
broadcast message includes a pointer to the block of memory 
that holds the message data. The communications manager 
program either initiates the transmission of the data by 
programmable integrated circuits which implement the 
communications function, or in the alternative, if a 
communication is already in progress, the communications 
manager enqueues the command and memory pointer for subsequent 
transmission after the current message transmission is 
concluded. Any additional processing required by the 
communications process is performed as a response to console 
processor interrupts from the various programmable integrated 
circuits. No further processing is required of the 
communications manager program in connection with the switch 
activation. 

When the communications manager program has accomplished 
the transmission of the message, or has enqueued the message 
for future transmission, it returns by way of the response 
routine program and switch input sensing program to the main 
sequencer. As a result, the main sequencer is entered in the 
endless loop at the position previously exited when the newly 
pressed switch was sensed. The main sequencer continues until 
the lamp button pressed for manual control is released. The 
switch input sensing program is again entered, whereupon a 
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comparison of the scanning maps indicates a change in the 
switch state. The Bwitch is again identified, as noted above, 
and the associated response routine is activated. 

The response routine takes no action on the release of 
the switch. This is in contrast to other types of switches 
which cause activation of the response routine upon being 
pressed or released. In any event, return is made from the 
response routine through the switch input sensing program to 
the main sequencer. Again, the main sequencer resumes 
scanning within its endless loop. Departure is taken from the 
loop to the optical encoder input scanning program. The 
rotation of the appropriate console device by the operator is 
effective to cause a corresponding rotation of the appropriate 
stage lamp. Encoder/counter circuitry, as described above, 
provides a numerical input to the optical encoder input 
scanning program. The value produced by each encoder/counter 
circuit changes when the encoder shaft is turned by the 
operator. In a similar nianner to the switch input sensing 
program, the optical encoder input scanning program compares 
the value read on each scan to the value stored in connection 
with the previous scan. In the event a difference is found 
during the comparison, an appropriate lan^) command is 
generated. The message block includes the manual change lacp 
command, the amount of change, and the identifier for the 
particular encoder. The lamp command is then dispatched to 
the communications manager program as a broadcast message. 
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All lamp units will receive the broadcast message and 
determine the applicability of the message to the particular 
lamp unit. 

As noted previously, the communications manager program 
processes this message by immediate transmission, or by 
enqueueing the message for subsequent transmission when the 
communications channel is clear. The console program then 
returns to the endless loop of the main sequencer. The 
foregoing constitutes the participation by the console 
processor in effecting the change in the lamp position as 
specified by the operator. All additional and subsequent 
processing is accomplished by the individual lan^> units, as 
required. 

The next example for illustrating the principles of the 
invention relate to the storing of cue data information in a 
particular lamp unit processor memory. This function is 
initiated by the console operator by depressing the "store 
cue" switch. As with the previously described example, the 
main sequencer exits the endless loop, and enters the switch 
input sensing program. The switch input sensing program reads 
a new input map and compares it against the status of the 
system as stored in a previous map. Accordingly, the state of 
the "store cue" switch is found to have been pressed. The 
switch is then identified and the respective response routine 
is called. 
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The response routine appropriate to the "store cue" 
switch checks for two necessary conditions; that "store 
enable - switch is also currently being pressed, and that a cue 
number appears in the display window above the. M store cue" 
switch, if these two conditions are met, then the console 
sends a store cue command broadcast message through the 
network to the lamp units. In addition, the cue number 
appearing in the window above the "store cue" button is also 
broadcast in the same message . 

The communications manager program effects a data 
transmission through the network of the broadcast message, 
which message is received simultaneously by all lairp units. 
After the message is either transmitted, or enqueued for 
subsequent transmission, the communications manager program 
returns through the response routine and switch input sensing 
programs to the endless loop of the main sequencer. The main 
sequencer routinely services other operator commands as the 
need requires. However, in the services of this example, as 
well as many other that may be interspersed therebetween, the 
main sequencer is periodically preempted by regularly timed 
interrupts which require somewhat immediate attention. The 
regularly timed interrupts may be in the nature of the 
activation of the lamp status scanning program by the periodic 
interruption of the hardware timer integrated circuit which 
produces an interrupt to the console processor. On each 
interrupt generated by the hardware timer, the program 
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commands a different lamp unit to send a message to the 
console containing data describing the lamp unit's current 
status. The type of data appearing in this message is 
described in more detail below in connection with the lamp 
processor system. 

Because of the store cue command broadcast, as above 
described, some lamp units of the system will begin reporting 
the occurrence of new cue data to send to the console for 
storage on the disk. The lamp status scanning program handles 
all the lamps in the system in turn, and all lamps involved in 
the newly stored cue will eventually be able to send their cue 
data to the console. The lamp status scanning program obtains 
the status data for an individual lamp unit by sending a 
status read command message to the lamp unit through the 
communications manager program. 

The status read command message is individually 
addressed by the communications manager in much the same way 
as described above in connection with the broadcast messages. 
However, since the status read message command requires a 
response from the particular lamp unit, the communications 
manager program holds the communications network channel open 
after transmitting the lamp command message. The 
communications network channel is held open until the lamp 
replies, or until a certain time period has elapsed with no 
reply. In this event, a lamp failure is assumed to have 
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occurred. Further processing in the lamp status program is 
held in abeyance until a reply is received from the lamp unit. 

Once the particular lamp unit has replied to the status 
read message, the communications manager returns to the lamp 
status scanning program with the message received, in this 
example, one of the bits in the receive message will indicate 
that the lamp has stored cue data in the lamp unit processor 
memory, which cue data has not yet been transferred to the 
console for disk storage. In a manner like many of the input 
scanning programs of the console, the lamp status program 
reacts only to changes in input values. The appearance of a 
set bit in the lamp status data causes the activation of the 
network state control program. A response to the change in 
the lamp status is thereby produced. The network state 
control program is provided with a group of response routines 
which handle the status bits received from the lamp unit. 
Some of these response routines provide to the. console 
operator notice of lamp problems, such as bulb failures. 
Other response routines of the network state control program 
download program code to the lamp units, on request. The 
response routine associated with the data bit received in this 
example uploads cue data from the lamp unit, and stores the 
data in the proper file of the disk file system. The network 
state control program first checks a flag located in the 
console program disk state manager to insure that new cue data 
from the lamp unit can actually be stored. If indeed the disk 
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is available for cue storage, the response routine then calls 
the communications manager program with a cue buffer upload 
message, as well as a pointer to an unused section of memory 
in which the data is to be stored. In the event the disk is 
not available for storage of cue data, the new data is not 
uploaded from the lamp unit. Instead, the front console panel 
indicator ie illuminated, whereupon the operator is reminded 
that cue memory is required to be uploaded from the lan^> unit 
to the console. This can be accomplished later by an operator 
command . 

The cue upload command, much like the status read 
message described above, is sent to the particular lamp unit. 
The cue upload command also causes the communications manager 
to wait for the lamp unit reply. In one form of the 
invention, the programmable communications circuits are set up 
to store the lamp unit reply in the memory space specified by 
the network state response routine, When the transfer of the 
data from the lamp unit to the console is completed, the 
communications circuitry interrupts the console processor. 
The communications manager program is reactivated. The 
coireuunications manager program thus determines that the 
communication transmissions is complete, commences the 
transmission of another message, if such a message is pending, 
and returns to the network state control response routine. 

By the involvement of the network state control response 
routine, the data received from the lamp unit is subdivided 
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into file records. The same format employed to subdivide the 
file into records is used both in the lamp cue storage as well 
as in the disk file system. In certain situations, the data 
received may be that of several cues, since the rate of 
scanning the lamp status can be temporarily slower than the 
rate at which the operator is storing cues. In this example, 
it is assumed that only the data from the cue store command is 
the data being operated upon. The disk file already contains 
the lamps cue data as it existed before the cue data to be 
stored. Therefore, all that is required is to add or rewrite 
the appropriate record in the disk file. The response routine 
accomplishes this by calling the file manager program to open 
the file with the particular lamp control channel number in 
the cue data file directory. The foregoing is accon^lished by 
the response routine in calling the file manager program to 
open the file with the lamps control channel number in the cue 
data file directory. The response routine then issues a write 
command to the file manger program, using the record data 
received from the lamp unit. Once the writing of this data is 
accomplished, the response routine calls the file manager 
program, and the file is thereby closed. 

The file manager program performs the three functions 
for the cue upload response routine, as described above. The 
command to open the cue data file results in a search for the 
file descriptor in the directory of cue data file descriptors. 
When found, the descriptor is used to find the first fragment 
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of the file and load it from the disk. The file record to be 
written comprises two parts; the cue number, and the lamp 
function data. The cue number is utilized as a unique index 
to the record. When the command is issued to write the newly 
received record into the file, the file manager program 
searches the fragment already appearing in memory to find the 
index of the record being written. If the index is not found 
in the first fragment, the other fragments of the file are 
examined in turn, if an existing record already contains the 
cue number of the record being written to the file, it is 
overwritten with the lamp function data of the new record. If 
the index is not found in the file, the record is added to the 
file. The command from the network state control response 
routine to close the file causes the file manager program to 
'release the pointers to the data in memory relating to the 
file. In this manner, the network state control response 
routine can reuse those memory spaces whenever needed. No 
further access to the file can be made without issuing the 
file open command. 

Whenever it is necessary for the file manager program to 
access the data stored on the disk, as opposed to the copy in 
the console processor memory, the disk data manager program is 
activated. This program provides control of the disk drive 
controller circuits which actually issue disk commands and 
reads the data from the disk. The disk data manger maintains 
an account of those parts of the disk currently being used, 

63 



-133- 



and determines the actions needed to access specific file 
fragments requested by the file manager. Finally, the 

response routine is terminated, and is returned through the 
network state control program to the lamp status scanning 
program, which is also terminated until the next timer 
interrupt. The foregoing describes the operation of the 
system, assuming the initialization of the lamp units has 
taken place. The detailed initialization of the lamp units 
are described in detail below. Each lamp unit is initialized 
during system power up and initialization, or. when added to a 
functioning production light system. As described above in 
connection with the circuitry of each lamp unit, there is 
provided a processor and sufficient memory for storing various 
programs, which, when carried out, allow any unit device to be 
moved, readjusted or changed in accordance with. a cue or 
switch actuation originating at the console. 

Referring now to FIGURE^ 12 and 13, vhen power is applied 
to the system as a whole, or to a lamp unit, the lamp state 
initialization program is activated. This program may also be 
activated during normal lamp computer operation when certain 
interrupts occur indicating a major malfunction of the lamp 
system. In addition, part of the lamp state initialization 
program is re-entered if the communications address of the 
particular lamp unit is changed. 

Each lamp unit includes a ROM- based program which 
performs various functions. For example, the ROM- based 
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program teste certain hardware necessary for the proper 
operation of the lamp system, the program presets, various 
programmable circuits in the unit to predetermined known 
states. In addition, the program proceeds through a script 
calling for checks to be made on certain parts of the unit, 
and prescribing actions to be taken depending upon the results 
of the tests. At the end of the script, the lamp unit is in 
complete synchronization with the console, whereupon the 
processor enters an endless loop consisting of self tests, 
physical state monitoring and response to console command 
transmissions. 

The first task performed by the initialization program 
is a checksum test of the validity of the programs from the 
EPROM memory. A test of the hardware timers against pretiraed 
software loops is also performed. A loop back test of the 
communication hardware and a read/write test of part of the 
RAM memory is also conducted, if any of the lamp units' 
circuitry tested is found to be faulty, execution is halted. 
Once the operation of the lamp unit hardware has been tested, 
various program subroutines are executed to initialize program 
variables, and set up programmable circuits used for 
communications. The identity of each lamp unit iB a 
communication address read from an appropriate input device. 
In one form of the invention, the identity of each lamp unit 
is established by the setting of a three-digit thumb wheel 
switch. Thus, as many as one thousand lamp units can be 
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connected to the system, and retain an independent identity. 
An input to the lamp complex processor represents the 
configuration of servo and stepper motors associated with the 
lamp hardware. Since the same computer hardware and basic 
programs are utilized to control different combinations of 
actuators of the lamp complex, a portion of the lamp system 
programs will differ between the lamp complexes. If needed, 
the proper system programs for particular lamp complexes can 
be downloaded from the console. However, the downloading of 
these additional programs into the lamp units may not be 
necessary, as the programs are maintained in writable, 
nonvolatile memory in each lamp unit. As noted above, the 
nonvolatility of the memory is provided by battery RAM memory 
backup. A check is conducted next on the programs already 

present in the lamp unit RAM memory to determine the validity 
thereof. A checksum test is performed and identifiers in the 
programs are matched with the actuator configuration input 
noted above. If the programs are found to be valid, an 
internal flag is cleared, thereby allowing the execution of 
the additional programs. If additional programs are found to 
be invalid, a flag is set in the memory status word and the 
console performs a download of the program for replacement of 
the lamp system program memory. The flag which disables the 
execution of these additional programs is also set. 

At this time, a communications manager program is 
activated to establish contact with the console processor 
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complex. Thereafter, when the console interrogates the 
communication address of the lamp unit, the communication 
manager program will respond. The particular configuration of 
the lamp unit, and the results of the above -noted validity 
checks are reported in response to the console command. This 
constitutes one of the initial communications between the 
console processor complex and that of the lamp unit. 

In the event additional programs in the lamp unit RAM 
memory are found invalid as a result of the above checks, 
further execution of the initialization is postponed until the 
programs are downloaded from the console- The lamp unit 
processor enters an endless loop of self tests and console 
command responses. At the end of the command response routine 
program associated with the program download, the flag which 
was previously set to disable execution of the additional 
programs in RAM memory, is cleared. The lamp state 
initialization script is then reentered. Eventually, a valid 
set of these additional programs will exist in the RAM memory 
of each lamp unit* Subroutines associated with the additional 
programs are then run to initialize additional program 
variables and the programmable circuits used for control of 
physical actuators. A table of address which guide the lamp 
unit processor to interrupts is also modified to reflect the 
presence of interrupt response routines in the additional 
programs. More subroutines are then called to perform 
calibration and indexing functions of the physical actuators 
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and feedback sensors. The subroutines cause the various 
actuators to be moved through their full range of motion, 
noting the location of any sensors and checking for proper 
operation of the various actuators and feedback sensors. 

In the event the communications address for a lamp 
unit is changed during operation of the lamp/ communications 
are reestablished with the console in accordance with the new 
address. The lamp state .initialization script is reentered to 
allow resynchronization of the lamp unit with the console for 
the new address. 

A flag in the lamp status word is set at this time to 
prompt the console processor complex to transmit a packet of 
data containing information concerning the state of the 
console. This packet of data is necessary to the lamp unit to 
allow it to respond properly to subsequent console commands. 
The nature of the data in the .packet comprises information 
relating to the position of controls in certain subsections of 
the console , and the console control channel number assigned 
to the particular lamp unit. A flag is set in the intensity 
logical controller to prevent the light of the particular lamp 
from being turned on # until adequate data has been received 
from the console. The initialization program then reenters 
the self tests/command response loop until the receipt of the 
console state packet. 

On conpletion of the console state packet, command 
response routine, the lamp state initialization script is 
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reactivated. The data associated with the state packet 
received from the console is stored temporarily while 
additional validity checks are performed on the cue data 
memory. A checksum test is conducted, and a test for a match 
between the control channel identifier in the cue data/ with 
the control channel identifier received from the console. If 
the cue data is found to be valid during the 
checksum/channel -number test, a notation of the time of the 
last update to lamp unit cue data is compared with that of the 
data stored on disk in the console. If these update times 
match, processing continues. In the event that more recent 
data is found to be stored in the lamp unit memory, console 
operator arbitration is invoked to determine which cue data 
should be used. If it is decided that more recent data is 
present on the disk, than in the lamp unit memory, or if the 
cue data is found to be invalid, a flag is set in the lamp 
status word. This flag prompts the console processor to 
download the proper cue data into the lamp unit memory. A 
rewind command is then sent to the cue data manager program to 
erase the data in memory and the self -test/command-response 
loop is reentered. 

In the alternative, when valid cue data found to be 
present in the lamp unit memory, the initialization script is 
reentered, whereupon the cue data and the console state packet 
are utilized to set up all function logical controllers to 
respond to the next manual control or cue recall command from 
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the console- When the cue recall command is received, a flag 
in the intensity logical controller program is cleared. As 
will be recalled, this flag suppresses the illumination of 
lights not fully synchronized. Normal operation of the lamp 
unit is then allowed to commence. After this final program 
setup, the initialization script is terminated, and processing 
continues within the main sequencer loop until the occurrence 
of one of the activation criteria, described above. 

The foregoing describes in general the console and lamp 
unit processor interchange for accomplishing the proper 
initialization of the lamp units. After initialization, the 
primary background activity performed by each lamp unit is 
through each respective main sequencer loop program. Refer 
now to FIGURE 14. Generally, the activities of the lamp unit 
processor in the main sequencer loop include scanning input 
buffers for communications received from the console 
processor, the performance of checksum integrity checks on 
both cue data and program code in the RAM memory. Also, the 
lamp unit processor scans changes in the communication address 
associated with the unit. The main sequencer loop is the 
program which is continuously executed in each unit, until a 
console command communication is received or checksum failure 
or address change in which event the main sequencer loop is 
temporarily exited- In addition, processing within the main 
sequencer loop is temporarily halted when interrupt -based 
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actuator control programs are activated, or on the occurrence 
of physical feedback interrupts 

The main sequencer loop program itself is an endlessly 
repeating preset cycle for activation of a variety of 
subprograms. The subprograms are discussed in detail below, 
and include the command interpreter, the memory checksum test 
and the communications address scanning subprogram. In each 
case, when the main sequencer loop enters the subprogram, a 
test is conducted, in which event the main sequencer loop is 
re-entered, or a response is performed based upon the result 
of the test conducted. 

With regard to the command interpreter subprogram, an 
endless loop type of program is activated, in which event a 
sequence of instructions are performed. The first instruction 
or action performed in the command interpreter subprogram is 
the issuance of a read command to the communications 
management program. After the read command, a return to the 
main sequencer loop is executed. On subsequent activations of 
the command interpreter subprogram, checks are conducted with 
the communications manager program on the status of the 
previously issued read command. Return is made to the main 
sequencer loop oil an indication of the uncompleted processing 
of the read command. On an indication of the completed 
processing of the read command, i.e., when the check status 
reveals a completed communication from the console processor, 
the command interpreter subprogram examines the first word of 
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the newly received data issued by the console command message, 
and to be executed by the lamp unit processor. If the console 
command is of the type which requires no further data 
transmission from the console, the received data is 
tenporarily stored, and another read command is issued to 
retrieve the next command sent by the console. Those 
console commands which are received and which have associated 
response routines stored in the lamp unit ROM memory are 
performed immediately. The validity of additional programs 
located in RAM memory is verified before performance of other 
console commands. In any event, processing continues in the 
command response routine until the command is complete, or 
until all further processing of the command is 
interrupt -based. In this event, control is returned to the 
main sequencer loop. Particular types of console commands, 
and their associated response routines will be described 
below. When activated, the memory checksum subprogram 

verifies the integrity of memory sections having stored 
therein program code and cue data. Tests are performed only 
on those sections of memory believed to be valid. If a 
checksum test of the program code fails, an appropriate flag 
is set in the lamp status word to prompt the console to 
download the program code. Furthermore, operation of the 
command interpreter program is limited until the program code 
is replaced, and thus again validated. When the console 
responds with the necessary download of the program code, the 
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lamp state initialization script is reentered, as described 
above. In the event that the cue data is found to be invalid, 
the appropriate flag is set in the lamp status word, wherein 
the console processor is prompted to download cue data. A 
rewind command is dispatched to the cue data manager program 
to clear the invalid cue data. No further processing is 
required after the download of valid cue data. In both 
situations, once the appropriate actions have been 
accomplished, control is returned to the main sequencer loop. 

The subprogram identified as the communication address 
scanning program reads the identification code of the lamp 
unit. As noted above, the identification code is established 
by a digit switch initially set to provide a unique address 
for the lamp unit within the communication network. This 
subprogram compares the value read from the switch with a copy 
in the memory. If the comparison shows that the 
identification address has changed, a timer is started. This 
timer will produce an interrupt of the lamp unit processor 
after a certain period of time. The new identification 
address read during the scan is stored in the memory for 
comparing with subsequent identification changes. In each 
instance in which a new identification address has been 
detected, the timer is restarted. No other response is 
necessary when the communication address is altered, until the 
timer interrupt occurs. A time period of five seconds , for 
example, is preferable to assure that an address change has 
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been completed on the switch device. When the timer interrupt 
occurs, the lamp state initialization script is reentered. 
Processing of the address change occurs in accordance with the 
noted script, and as described above. 

As noted above, the command interpreter is activated in 
connection with communications between the console processor 
and the lamp unit processor. Command response routines may 
activate one or more other program associated with this level 
of lamp unit processing. These other associated programs 
include the state data manager, the cue data manager, the 
communications manager, the function logical controllers and 
the physical control manager. Many of these programs report 
data directly to the state data manager program* The physical 
control manager oversees the activation of additional programs 
which control the physical actuators of the lamp unit, such as 
motors, dimmers, etc. The command response routines are 

individual scripts of the actions required to carry out a 
command issued from the console processor. This program flow 
is illustrated in FIGURE 15. Some routines manipulate 
internal data, while others transmit specified data to the 
console, and yet other programs perform a specific action 
needed to move or otherwise control the physical actuators of 
the lamp unit. Some of the noted routines call for a 
combination of the above- specified actions. In describing the 
following command response routines, it is important to note 
that a response routine is selected based on value found in 
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the first word of the message transmitted from the console 
processor to the lamp unit processor. Each of the command 
messages includes a unique value, known as a command 
identifier. 

The first associated program, the state data manager 
routine, provides a common source and repository of status 
data from both the console processor and the lamp processor. 
Data which is received from the console processor, and which 
is used infrequently, is maintained accessible to the command 
response routine, and is retrieved upon demand. More 
frequently used data is passed to the function logical 
controllers after receipt from the console processor. Certain 
data, termed state data, is transmitted from the console 
processor in a form which includes data packed together for 
every lamp unit in the system. The state data is transmitted 
in a single simultaneous transmission to all lamp units. The 
state data manager extracts from the transmission, state data 
applicable to the particular lamp unit. The control channel 
assignment made by the console during the initialization 
script identifies the data applicable to each lamp unit. The 
logical and physical controllers report the various states of 
the unit apparatus directly to the state data manager. The 
state data manager combines this data from multiple sources 
within the unit into a single block of status data. In 
response to periodic console commands, each lamp unit 
transmits this status block to the console. 
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The communications manager is an associated program 
which has been described previously in connection with the 
operation of the command interpreter program. Command 
response routines performing the download of bulk data from 
the console, (RAM-based programs or cue data) issue read 
commands to the communications manager routine. These read 
commands are effective to store data sent from the console 
into the proper memory of the lamp unit memory. The command 
response routines issue write commands to the communication 
manager when the lamp command . requires a lamp unit 
transmission of data back to the console. The write commands 
provide the proper location for access of the data within the 
lamp unit memory. 

The communications manager routine also is responsible 
for the retransmission of data in the event initial 
transmissions were not received by the console processor. In 
doing so, the communications manager routine handles the 
fragmentation of large blocks of data, to overcome the affects 
of noise in communications network channels. 

The cue data manager associated program comprises a 
conventional key- indexed file system in RAM memory. A unique, 
operator -assigned cue number is kept in the first four bytes 
of each record of the cue data file, and is used as an indexer 
for identifying that record. On cue recall, various indices 
are searched for a cue number matching that of the cue being 
recalled. If a match is found between the cue number 
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searched, and those stored, the cue data record is retrieved 
and returned to the command response routine. The failure to 
find a match between indices is likewise reported to the 
command response routine* 

Because of the many operational features of the lamp 
units, there is provided a logical control program for each of 
the physical functions of the lamp unit. While not exclusive, 
the various lamp unit functions may include intensity, 
position, color and beam logical controllers. Depending upon 
the manner in which the physical hardware of each lamp unit is 
provided with these functions, a corresponding variety of 
logical control programs will be implemented. The logical 
control program each perform a similar function of the lamp 
unit, by providing a single control point for each function of 
the physical apparatus. The services provided by all the 
logical control programs include receiving cue data recalled 
at various front panel sources, herein referred to as 
submasters. The services also include the integration of new 
cue data with previously recalled data from other submasters, 
changing of the current function data according to manual 
control command received from the console, and reporting the 
current function data values. Some of the logical control 
programs also store current function data as preset function 
values, and also operate in recalling and reporting these 
preset values on command of the console. Some logical control 
programs also use fader values sent from the console processor 
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for proportional scaling of recalled cue data. The physical 
control manager associated program oversees activation of the 
subprograms which effect the changes in current function data, 
as computed by the logical controllers. The npted subprograms 
fall into two main categories. The subprograms controlling, 
for example, stepper motors, implement conventional algorithms 
which output a timed sequence of step commands to the motors. 
Some of the stepper motor subsystems will include switch 
closure indexing feedback for use in assuring that the stepper 
motors are following the stepping commands transmitted by the 
lamp unit processor. Other functions of the lamp unit involve 
the driving of dc servomotors to provide pan and tilt lamp 
movement. Lamp velocity information output by a dc servomotor 
tachometer, and position feedback information from an optical 
encoder/counter circuit are transmitted on the system data bus 
as feedback information to the lamp unit processor. The 
subprogram controlling these components utilizes a 
conventional velocity- feedback servo control algorithm. This 
subprogram is also activated upon an unexpected motion of the 
servo- controlled lamp function by way of hardware interrupts 
generated by changes in the position feedback signal. The 
unexpected motion of the servo- controlled lamp function 
notifies the lamp unit processor of movement occurring in the 
lamp, which movements were not commanded by the lamp unit 
processor. It is understood that these subprograms could be 
replaced by analog or digital circuitry. 
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Certain status data concerning the lamp unit will 
originate in the physical controllers. For example, the 
integrity of the bulb in the lamp unit light will be derived 
from the behavior of the power supply which supplies power to 
the light. The impeded motion of a lamp unit within its range 
of movement will be deduced when the motor motion fails to 
produce a corresponding movement of the lamp. Also, the 
failure of a stepper motor subsystem can be deduced from the 
failure of a search for an expected index input. This status 
information is reported directly to the state data manager. 

In accordance with the two examples set forth above 
showing the console processor operations in response to the 
selection of the lamp for manual control, and for storing cue 
data, the two examples are repeated below for showing the 
actions taken by the lamp unit processors. The two examples 
exemplify the processing which occurs in the lamp units, and 
include the activation and interaction of the various programs 
within each lamp unit, and the distribution of tasks between 
the console and lamp units according to the invention. 

The first lamp unit example concerns the sequence of 
actions occurring when the console operator selects a single 
lamp in the system for manual control, and the manipulation of 
a console device for changing the spatial orientation of the 
lamp unit. Both examples assume that all necessary RAM-based 
programs, together with the cue data, are in full 
synchronization with the console. 
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As part of the main sequencer loop, the lamp unit 
processor jumps to the command interpreter program to check 
the status of the outstanding read command in the 
communications manager program. The command interpreter 
program employs a block of memory space to service the 
communications manager program. This block of memory contains 
a byte of data which is used to signal the status of the 
execution of the read command.. In servicing the read command, 
the command interpreter program checks the status byte of data 
in the command block being executed by. the communications 
manager program. When a flag shows that the outstanding read 
command has been completed, i.e., that a block of data has 
been received from the console processor, the command 
interpreter program examinee the first byte of this data. The 
value of the first byte of data represents the specific 
command to be performed by the lamp unit. 

According to the example, the command received from the 
console is found to be a manual -controlled 
channel -selector-map command. Since this command does not 
require additional data from the console, the command 
interpreter program establishes another read command block, 
and reactivates the communication manager program. The 
communication manager program then prepares the lamp unit to 
receive another console command transmission and returns to 
the command interpreter. The command interpreter program then 
jumps to the associated command response routine. The noted 
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console command represents a message transmitted to the 
network and received simultaneously by all the lamp units 
connected to the network. Noteworthy, the processing 
described in connection with a particular lamp unit, will also 
be occurring concurrently in other lamp units of the system. 

Because the performance lighting system of the 
invention can accommodate upwardly of one thousand stage 
lights, bytes of data must be transmitted throughout the 
network, one bit position being representative of each lamp 
unit. The location of a bit, corresponding to a particular 
lamp unit, is derived from the console -control -channel number 
assigned to the lamp unit by the console, during the lamp 
state initialization script. The other lamp units of the 
system are assigned different console- control -channel 
numbers, and each unit will independently extract its own 
bitrdata from the one hundred twenty-five byte block. The 
console -control- channel number is stored in the state data 
manager program. 

The action required of the command response routine, as 
a result of decoding the console transmission, is to jump to 
the state data manager program with the location in memory of 
the 125-byte block. Also, the. command response routine 
provides an identifier indicating that the manual -control 
status bit is to be manipulated. 

The state data manager is provided with a subprogram 
which utilizes the console -control -channel number as an index 
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to extract the value to be assigned to the boolean flag 
concerning the lamp unit selection/deselection for manual 
control. This boolean flag is referenced when manual -control 
commands are received, and either allows or disallows a 
reaction by the lamp unit. Control from the state data 
manager program is then returned to the endless loop of the 
main sequencer. 

The lamp unit processor executing the instructions of 
the main sequencer program periodically enters the command 
interpreter program to ascertain whether a new transmission 
has been received from the console, it is assumed here that 
commands are received from the console indicating that the 
console operator is manipulating the lamp position controls. 
As a result, the next lamp unit commands received by the 
command interpreter are encoder- change commands. This 
information is determined from a first byte of the 
encoder- change command, whereupon a jump is made to the 
appropriate command response routine. Again, this command is 
received simultaneously by all lamp units in the network, and 
all such lamps will be executing the appropriate actions 
concurrently. 

The command response routine concerning the foregoing 
command, first checks with the state data manager whether the 
boolean flag currently indicates the selection or deselection 
Of the particular lamp unit for manual control. If the flag 
is not set, the command response routine terminates, and thus 
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the encoder- change command is ignored as the lamp is not 
selected for manual control. However, in the current example, 
processing continues as the flag is assumed to be set as pare 
of the preceding manual -control channel-selector-map command. 

The encoder- change command byte transmitted by the 
console in response to the change of position of a console 
control, is accompanied by a byte of data identifying the 
particular console encoder. This is essential as there are 
several encoders on the console panel. Each encoder provides 
control of a different lamp function. In addition, the 
encoder- change command byte contains data representative of 
the amount of change in the encoder input value. Because each 
encoder is associated with a different function of the lamp 
unit, the command response routine executes a jump to the 
function logical controller associated with the encoder that 
has a changed input value. The command response routine also 
passes along the data corresponding to the amount by which the 
position of the lamp unit is to be changed. 

With regard to the present example, the position 
logical controller is activated. The position logical 
controller reads the data representing the current command 
position of the lamp unit, and modifies this data by an amount 
linearly proportional to the received encoder change input 
value. This new value is now stored as the new position of 
the lamp unit, whereupon the position logical controller 
returns to the command interpreter. 
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Next, the command interpreter program activates the 
physical control manager which compares the command data 
presently stored in memory with all the logical controllers 
with the actual positional states of the lamp unit physical 
devices. The actual states of the physical devices are 
brought into conformance with the commanded states. In those 
situations where more than one function data has changed, the 
physical control manager will activate the physical actuator 
programs in preprogrammed combinations in order to ensure that 
all such actuators perform properly. 

in the present example, only the servomotor control 
program is activated. This program calculates the direction 
of change called for by the new command data, as well as the 
appropriate magnitude of the voltage to be applied to the 
servomotor. An associated timer is also triggered to provide 
periodic hardware interrupts. At each interrupt, the 
servomotor control program will recalculate the appropriate 
voltage to be applied to the motor, until the actual state of 
the servomotor subsystem matches the command data established 
by the position logical controller. 

The foregoing institute the motion of the desired 
servomotor to effect a corresponding change, for example, in 
the pan or tilt position of the lamp unit. Once servomotor 
motion is initiated, the lamp unit returns from the servomotor 
control program and the physical control manager program to 
the command response routine and the command interpreter. 
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Control is returned from the latter two programs to the main 
sequencer where the scanning for received commands, memory 
checksum failures and communications address changes 
processing resumes. Until such time as the new lamp unit 
position is reached, the hardware interrupts and servomotor 
control recalculations are interspersed with the actions of 
the main sequencer's endless loop. The high level commands 
transmitted by the console through the network and to each 
lamp unit, the commands undergo additional processing in each 
unit to determine the effect of the command on the unit, and 
to accomplish the desired result, if applicable. 

The next example involves the processing in the lamp 
unit as a result of the console operator having actuated the 
"store cue" switch on the console panel. The lamp unit 
processor exits the endless loop of the main sequencer and 
jumps to the command interpreter to check the status of an 
outstanding read command in the communications manager 
program, in this example, the command interpreter program 
discovers a newly received message from the console, having a 
store-cue opcode in the first byte of the command message. 
The command interpreter restarts the read command on the 
communications manager, and calls the store-cue command 
response routine. This command is received simultaneously at 
all lamp units in the network:, and all. such units execute the 
following sequence of actions concurrently. 
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In the command response routine, each logical controller 
is queried concerning the current commanded function data. 
This data is packed into ten bytes of memory storage area. 
Moreover, this block of data is combined with four bytes of 
data representing the operator assigned number for the cue. 
It should be understood that the cue number was received as 
part of the cue -store command transmission from the console. 
The command response routine then calls the cue data manager 
program, bringing with it the fourteen-byte block of data 
resulting from the above -noted processing. The cue data 

manager scans its list of record indices, i.e., cue numbers, 
for an index matching that of the record cue number passed by 
the command response routine. If a match is found, the 
accompanying data record is overwritten with the data record 
received from the command response routine. If no match in the 
index is found during the search, a new record is written into 
a blank record area in the index and data file. This data 
memory of the lamp unit is of the type which has not yet been 
transmitted to the console disk copy to update the present 
lamp units cue data. Sufficient room should provided for 
several cue records should there exist a delay in transmitting 
the data records to the console disk storage. The cue data 
manager then returns to the command response routine. 

The command response routine immediately calls the 
state data manager to set a flag in the lamp status word 
indicating that the lamp unit has cue data ready for 
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transmission to the console disk storage. The programs are 
then returned in seriatim through each other, until the lamp 
unit has threaded its way back to the main sequencer. 
Processing within the endless loop of the main sequencer then 
resumes . 

At some point, in the processing of the cue store 
command, the command interpreter senses that a message has 
been received having a lamp -status -report opcode. A 
preparatory read command is reissued to the communications 
manager program, and the lamp- status- report command response 
routine is called. These lamp -status -report commands are 
dispatched individually to each lamp unit in the network, 
wherein only one unit will respond to the console at a time. 

The command response routine calls the state data 
manager program to obtain the current value in the lamp status 
words. This block of memory is utilized as the message data 
in a write command issued to the communications manager 
program. This write command has no interaction with the read 
command just performed in preparation for the next console 
command transmission. Return is had through the various 
programs to the main sequencer, where the endless loop is 
resumed. 

The flag set in the lamp status data, which flag was 
reported to the console in the previous command, prompts the 
console to issue a read- cue -data -change- buffer command. This 
command is received by the communication manager program of 
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the larp unit, and is sensed by the command interpreter 
program- In addition, this command is addressed to a 
particular lamp, and only that lamp will transmit a response. 
A read- cue-data- change-buffer command response routine is 
provided for retrieving the list of new cue data from the cue 
data manager program, in addition, the noted command response 
routine sends the list as message data in a write command to 
the communications manager program, and calls the state data 
manager to clear the flag indicating data is present in the 
cue data change buffer. As a result, the lamp unit processor 
returns to the endless loop of the main sequencer, and waits 
further console commands. 

The foregoing illustrates the lamp unit processor 
actions required to carry out a change in the position of a 
stage light, as well as the storing of cue data within the 
lamp unit memory. The flexibility of the system, however, is 
not limited to the foregoing. While an exhaustive description 
of each command is not necessary, and would only encumber the 
description of the invention, the other lamp commands used in 
connection with the lamp units of the invention are listed 
below. 

The overall function of the programs to carry out the 
operation of the present invention have been described in 
detail in reference to FIGURES 10-15. A detailed code listing 
for a representative portion of the overall program is 
presented below. This is the code required for implementing 
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the color logic control which was described in reference to 
FIGURE 14. This code is written for execution on a Motorola 
microprocessor Model 68000. The color logic control program 
is quite similar to the logic control programs for intensity, 
position and beam diameter, . 

It can be seen from the foregoing that the lighting 
system disclosed provides accurate, efficient, and flexible 
control of several hundreds of automated lamp units. 
Provisions are included for the reporting of status data from 
the lamp units to the control console. This status data may 
include real-time display of parameter data including the 
present intensity, color, beam shape, and beam direction of 
the lamp units as well as any timing parameters associated 
with the present cue which has been recalled. Provisions are 
also included for the renewal of operating system programs in 
any lamp units which experience serious . logical errors in 
their associated memory. Provisions are also included for the 
storage of parameter data associated with the various cues, 
which enables an operator to save the data used to execute a 
show and to load the data into a lighting system similarly 
configured but composed of discretely different lamp units 
which may be disposed in a different physical location from 
that at which the show was previously performed, for example 
on a different continent. 

Referring now to FIGURE 16, a simple data repeater 
circuit (shown in greater detail in FIGURE 9) , includes an 
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activity sensor 392 coupled to the broadcast network 38 and an 
activity sensor 394 coupled to the reply network 40. Bach 
activity sensor drives a red LED 39€ (via pulse stretcher 
circuits which make the flickering- of the LED visible to the 
human eye) , which LED' s are mounted oh the exterior of a 
repeater box and flash whenever there is any electrical 
activity on the branch of the corresponding network to which 
the repeater is connected. 

The simple data repeater also includes a Manchester 
decoder/encoder 352 coupled to the broadcast network 38 and a 
Manchester decoder /encoder 374 coupled to the reply network 
40. As described earlier, the Manchester encoder/decoder 
integrated circuit can be connected in a "repeater" mode in 
which messages received at its input are decoded and then re- 
encoded for further transmission. Each decoder/encoder drives 
a green LED 398 (via pulse stretchers), which LBD's are also 
mounted on the exterior of a repeater box and flash whenever 
there is valid Manchester-encoded data passing through. the 
repeater. In normal operation, red and green LED' s will flash 
simultaneously. Any other condition, for example red LED 
flashing with no green LED flashing, indicates an error in 
data transmission. However, this arrangement can not detect 
subtle errors in the messages transmitted through the network. 

As shown in FIGURE 17 and FIGURE 18 > the data 
communications network 26 implemented in this automated stage 
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lighting system includes a control console 24 communicating 
with a plurality of automated lamp units (ALU) through several 
intervening repeater circuits. A "console repeater" 54 
located in a power and signal distribution rack 400 receives 
transmissions from the control console and repeats these 
transmissions to one or more "trunk repeaters" 55. One such 
trunk repeater 55 is normally located in the distribution rack 
400 with the console repeater 54. 

The trunk repeater supports data communication links 26C 
to seven trunk cable connectors 402 which, when connected to 
appropriate multi-conductor trunk cables, provide power and 
data to repeater boxes normally hung in a lighting truss in 
proximity with the lamp units. The console repeater 54 also 
supports links 26B to eight auxiliary data connectors 404, 
which in turn are used to connect to additional distribution 
racks 408 through appropriate data input connectors 406. Data 
signals are thereby provided to trunk repeaters 55 located in 
the additional distribution racks. The additional 
distribution racks then provide power and data to other 
repeater boxes normally hung in the lighting truss in 
proximity with other lamp units. Each repeater box then 
provides power and data for up to nine lamp units. 

In one embodiment of the lighting control system, one 
control console 24 connects to one "master" distribution rack 
400, and thereafter to eight "slave" distribution racks 408 
via the auxiliary data output connectors 404. Each 



-161- 



distribution rack connects to seven repeater boxes via the 
trunk cables. Each distribution rack can then provide power 
and data for up to 63 lamp units. One master rack and eight 
slave racks can then provide power and data for up to 567 lamp 
unite. To expand the system capacity to the 1,000 lamp unit 
configuration supported by the system software, each slave 
rack 408 can connect to an additional slave rack via a data 
output connector 410 driven by a spare output of its trunk 
repeater. Eight additional slave racks so connected via link 
26E provide power and data for up to 504 additional lamp 
units, well in excess of the 1,000 lamp units supported by the 
system software. 

As shown in FIGURE 19, the broadcast network provides the 
same data signal to all lamp units practically simultaneously. 
Through the broadcast network 38 the console 24 sends each 
message to each receiver (RX) in each lamp unit 
simultaneously. 

FIGURE 20 shows the interconnections of the reply network 
40. The console 24 acquires status data from the lamp units 
by sending a message to the first lamp unit over the broadcast 
network 38 and then awaiting that lamp unit's response over 
the reply network 40. After the status report message has 
been received by the console from that lamp unit, the sequence 
can be continued for the other lamp units in the system. The 
reply network is connected in a fashion similar to the 
broadcast network, except that the lamp units include 
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transmitters (TX) for sending messages while the console 
includes a receiver (RX) for receiving messages. 

During each reply transmission, only one of the many 
links 40D between lamp units and repeater boxes is utilized. 
As shown in FIGURE 20, a reply transmission reaches the 
console through only one link 40C between a repeater box and a 
distribution rack, only one link 40B between a trunk repeater 
and the console repeater, and the one link 40A between the 
console repeater 54 and the control console 24. Thus, if one 
unit of time is required to acquire status data from one lamp 
unit, it will take 1,000 units of time to acquire status data 
from all 1,000 lamp units. 

It can be readily appreciated that if two or more lamp 
units were to respond to one request for status data, multiple 
transmissions would appear simultaneously on the link 40A 
between the console repeater and the control console. 
Similarly, any noise injected into the reply network would be 
superimposed over, legitimate signals on the link 40A between 
the console repeater and the control console, resulting in a 
garbled reception by the console. Improved repeaters 
according to one or more aspects of the present invention 
provide the ability to identify and isolate erroneous lamp 
unit transmissions and noisy links in the reply network. 

An improved repeater shown in FIGURE 21 includes a 
processor 450 and its associated read-only memory, random- 
access memory, and control circuit for receiving inputs from 
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the activity sensors and Manchester decoder/encoders. The 
processor interprets these inputs and turns on the LED 7 s 396 
and 398 by its associated control circuit to indicate the 
condition of the data link networks ♦ For example, a green LED 
is lit to indicate a properly working data link network while 
a red LED is lit to indicate a malfunctioning data link 
network. In the absence of any activity, both LED' s can be 
turned off. Separate pairs of red and green LED' s are 
provided for the broadcast and for the reply data link 
networks. Alternatively, an alpha- numeric display device 452 
may be incorporated into the repeater circuit to display 
simple codes or messages. 

Another improved repeater shown in FIGURE 21 incorporates 
a mult i -protocol communications controller chip 454 such as 
used in the console and lamp unit communications circuits. 
Using the communications controller chip coupled to the 
Manchester decoder/encoders, the processor can now detect line 
activity not resulting in a valid communications controller 
interrupt. The additional gates 456 and multiplexer 458 shown 
enable the processor to sample individual reply line inputs 
and to disable certain reply line inputs to stop noise or 
unauthorized transmissions from spreading into other parts of 
the system. 

In one mode of operation, signals appearing at gates 456 
are applied to a nine- input logical OR gate 460 and combined 
into one signal on line 462. Since only one of the nine 
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inputs to gates 456 will be active at any one time in a 
properly working system, only one signal will appear on line 
462 at one time. The signal on line 462 is connected via 
logic gate 466 to Manchester decoder 468 and thereafter 
applied to communications controller 454 where it can be 
examined for errors by processor 450. if no errors are 
detected, the processor and communications controller transmit 
the message via Manchester encoder 470 onto the next branch of 
reply network 40. 

If errors are detected in the signal received over reply 
network 40, a diagnostic mode is entered by the repeater 
processor 450. Using a plurality of logic control signals 
shown as control bus 476, the processor 450 operates 
multiplexer 458 to sample the various discrete signals at the 
input to OR gate 460. The output of the multiplexer 458 on 
line 464 is applied to gate 466 which is operated via control 
bus 476 to connect the multiplexer 458 to Manchester decoder 
468. 

By coordinating the operation of the multiplexer 458 with 
the communications controller 454 in error detection mode, the 
processor 450 may determine that one of the lamp units 
connected thereto is transmitting unintelligible signals or 
noise or is transmitting at inappropriate times, thereby 
garbling other legitimate signals. The processor then 
utilizes control bus 476 to disable the offending input at 
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gates 456, thereby restoring communication integrity for the 
properly functioning lamp unite. 

Broadcast messages are handled in a similar fashion. 
Signals appearing on broadcast network 38 are applied to 
Manchester decoder 472 and thereafter to communications 
controller 454 where they can be examined for errors by 
processor 450. 

According to another feature of the present invention, a 
f smart repeater" shown in FIGURE 23 further includes a direct 
memory access (DMA) controller 480 connected between the 
communications controller 454 and random access memory (RAM) 
482. This configuration is functionally equivalent to the 
processor/modem complex used in the control console and in the 
lamp units. One of the advantages derivable from this circuit 
arrangement is that each smart repeater can now communicate 
with the console just as any lamp unit can. 

The console can send network control messages which are 
received by all repeater units practically simultaneously. A 
network control message may be addressed to a specific 
repeater unit or the message may be addressed to all repeater 
units using a common repeater address. Bach repeater unit 
individually responds to the message depending on the address 
or the content of the message. For example, a message 
instructing the repeaters to begin status polling of the lamp 
units would be sent to a common repeater address. A message 
instructing a specific repeater to transmit a block of lamp 
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unit status data to the console {or to the next repeater unit 
along the reply network) would be sent to a specific repeater 
address. The repeater also sends network state messages as 
required, which messages include for example: data 
representing the kinds of errors detected, which branches of 
the network exhibit errors, and Which branches have been 
disabled. 

In one mode of operation, signals appearing on broadcast 
network 38 are detected by activity sensor 392 and decoded by 
Manchester decoder 472. The signals are then routed through 
bypass gates 484 to communications controller 454. DMA 
controller 480 and communications controller 454 receive the 
signals into RAM 482 where the decoded, message can be examined 
or interpreted by processor 450. If no errors are detected 
and the message contains information for lamp units, the 
processor may compose a new message or re- transmit the 
original message to the lamp units. DMA controller 480 and 
communications controller 454 then cooperate to transmit the 
message through bypass gates 484 via Manchester encoder 474, 
which is coupled to broadcast network 38 by gates 478. Using 
control bus 476, now reconfigured to operate the gates 456 and 
478, processor 450 can transmit broadcast signalB to all nine 
outputs coupled through gates 478, or to any one or more 
individual output coupled thereto. Control bus 476 also 
operates input gates 456 so that selected individual inputs 
can be disabled or enabled in the manner described above. 

qr, 
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In the reply mode, if errors are detected in the signal 
received from the reply network 40, the repeater unit may 
request the lamp unit to transmit the message again, if after 
several tries, the repeater cannot get an error- free message 
from a particular lamp unit, or if the repeater processor 
detects errors on two or more channels connected thereto, a 
diagnostic mode is entered by the repeater processor. If no 
errors are detected, the processor and cdmmuni cat ions 
controller transmit the message via Manchester encoder 474 
onto the next branch of the reply network 40. 

Other improvements derivable from a smart repeater 
include: detecting line activity not resulting in a valid 
communications controller interrupt; reception of framing 
errors, cyclical redundancy check (CRC) errors, or overrun 
errors detected by the communications controller; detecting ' 
errors in the header data added to each message by 
communications software; detecting logical errors in some of 
the data messages; receiving not -acknowledge (NACK) or 
detecting lack of an acknowledge (ACK) signal in response to 
transmitted messages; disabling reply line inputs to stop 
noise or unauthorized transmissions from spreading into other 
parts of the system; collecting status data from a plurality 
of lamp units or status data from other repeaters; and 
downloading operating system programs to lamp units or 
repeaters. 
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Advantages derived from the above improvements include: 
1) improved feedback to the system technician, making the data 
link indicators easier to read and understand; 2) reporting 
the location of sensed errors back to the console for display 
at a central location; 3) improved ability of the system to 
operate in a degraded mode (communications errors present) ; 
and 4) improved through-put of the comrauni cations subsystem in 
the normal mode, especially as relates to statue polling. 

A smart repeater according to the present invention, as 
shown in FIGURE 23, enables dramatic improvements to both the 
utilization of communication links and the time required to 
collect data from all the lamp units. Once the console sends 
a message initiating the process, for example a message 
broadcast to a common repeater address, all of the truss 
repeaters 56 simultaneously collect data from the nine lamp 
units connected to each truss repeater. All of the trunk 
repeaters 55 then simultaneously collect blocks of data from 
the seven truss repeaters 56 connected to each trunk repeater 
55. The console repeater 54 in master distribution rack 400 
then collects blocks of data from the nine trunk repeaters 55 
connected to the console repeater 54, and sends the entire 
block of all data collected to the console 24 in one message. 

According to one embodiment, the utilization of 
communication links is increased because 63 truss repeaters 56 
are using 63 links 26D at any one time. Only nine units of 
time are required to collect status data from 567 lamp units 
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into the truss repeaters. Thereafter, nine trunk repeaters 55 
{ are using nine links 26C at once. Seven units of time are 

required to collect status data from 6S truss repeaters into 
the trunk repeaters. The one console repeater 54 still uses 
only one link 26B at a time, and requires nine units of time 
to collect status data from the nine trunk repeaters. 

More significantly, the console receives status data from 
567 lamp units in one transmission from console repeater 54 
over reply link 40A, thus saving the time required to transmit 
566 message headers. The same volume of data is transmitted 
with much lees overhead. Thus, the improved lamp- to- console 
reply process results in drastic reductions in both the time 
required to collect status reports and in the probability of 
error. Moreover, while the lamp units are transmitting data 
to the truss repeaters, trunk repeaters are transmitting data 
to the console repeater; and while the truss repeaters are 
transmitting data to the trunk repeaters, the console repeater 
is transmitting data to the console; thereby further 
increasing utilization of the data links. In this way the 
smart repeaters interleave their own statue inf orroation into 
the collection of lamp unit status data. 

A smart repeater according to the present invention 
maintains operating system programs for all lamp units 
connected thereto and performs any necessary down- loads 
without tying -up the whole system. The storage and download 
of the operating system programs may be made depending upon 
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the configuration of the respective lamp units* In the case 
of a truss repeater performing such a down-load, only the 
other eight lamp units connected thereto are prevented from 
receiving any system cue commands during the down- load, the 
rest of the system being free to operate normally. Moreover, 
if all lamp units require operating system down-load, several 
smart repeaters hanging in the lighting truss can perform the 
operation in much less time than one control console can* 

A smart repeater as shown in FIGURE 23 includes a set of 
gates 478 for the various broadcast link outputs and a 
separate set of gates 456 for the various reply link inputs. 
This arrangement enables the smart repeater to communicate 
with selected lamp units individually* If, for example, two 
lamp units are accidentally set to the same address, both will 
transmit status reports upon receipt of a request for status. 
This results in garbled reception at the repeater. The smart 
repeater then transmits to each output individually, 
requesting from the lamp unit connected thereto the identity 
or address assigned to that lamp unit r and receives the 
response over the corresponding input. If two lamp units are 
set to the same address, the smart repeater determines this to 
be the case and reports the information to the console for 
display to an operator. The smart repeaters themselves can be 
identified by the setting of form and function switches {to 
identify the processor as a repeater and not a lamp unit) and 
by the setting of thumbwheel switches <to identify which 
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repeater the processor is) , both of which are included in a 
repeater unit identity circuit 494. Alternatively, the 
console repeater 54 can assign an identity to each trunk 
repeater 55' connected thereto, transmitting that identity via 
each of its nine outputs one-at-a-time. Thereafter each trunk 
repeater 55 can assign an identity to each truss repeater 56 
connected thereto, transmitting that identity via each output 
one-at-a-time. 

Any system utilizing processor-controlled devices must 
accommodate the possibility of a processor lock-up, a 
condition in which the processor may cease to perform its 
normal function due to corrupted data or the inadvertent 
execution of an endless loop of program instructions* The 
smart repeater of the present invention anticipates this 
possibility and provides a set of logic gates 484 associated 
with the communications controller, which route signals to and 
from the Manchester decoders and encoders and the 
communications controller. In a default state, the bypass 
gates route the output of the broadcast decoder 472 to the 
input of the broadcast encoder 474, while also routing the 
output of the reply decoder 468 to the input of the reply 
encoder 470. Each of the decoders and encoders themselves are 
connected in a default state as "repeaters", re-encoding the 
signal which appears on its input and providing the signal to 
its output. The default state of the signal repeater unit at 
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choices written to the display unit by the processor. This 
way, a technician may request error code reports, intitiate 
diagnostic routines or other functions by communicating with 
the repeater unit processor through a simple, built-in data 
terminal arrangement. 

As shown in FIGS* 17 and IB, and discussed above, the 
data link traffic between the control console 24 and the 
various lamp units travels over link 26A between the control 
console 24 and the console repeater 54, located in 
distribution rack 400. A preferred embodiment provides a 
duplicate link 580, shown in FIG. 17, via a connection to a 
backup control console 582, in case of hardware failures. 
This duplicate link 580 remains dormant, however, until 
activated, providing no additional data communications 
capacity beyond what the main data link 26A already provides* 
In a preferred embodiment/ the lighting system disclosed 
herein is controlled by a modular control system to facilitate 
the upgrade or replacement of individual system components or 
modules for incorporation of software and/or hardware 
enhancements, as necessary, without affecting the operation of 
the entire control system. In addition, individual modules 
are preferably interchangeable, so that the modular control 
syBtem 500 can be reconfigured, as necessary, to accommodate 
the varying requirements of different shows. 

As shown in FIGS. 26 and 27, the modular control system 
comprises a modular controller mainframe 500, interconnected 
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with control panel units 546-552 and other control devices in 
a Control Itesourcfe'e Network a set of input modules 59 0, for 
controlling lamp units in a Device Control Domain 
interconnected with the modular controller mainframe 500 by a 
set of output modules 592. 

Controllers for modern lighting systems often must be 
capable of simultaneously supporting diverse lamp units having 
different communication protocols, functions and data 
requirements. For example, lighting designers often desire to 
incorporate conventional (intensity-only) lamp units, in 
addition to automated variable -parameter lamp units, as well 
as utilizing lamp units provided by different manufacturers. 

While conventional lamp units only require an intensity 
data value, automated variable -parameter lamp units, such as 
those associated with the Vari*Lite lS) Series 200™ lighting 
system, will require a number of variable parameters 
including, e.g., color, intensity, gobo, pan and tilt. 

Additionally, more complex automated variable-parameter 
lamp units capable of projecting images, e.g,, lamp units 
having a liquid crystal display, such as those disclosed in 
the above incorporated application serial no. 07/693,366, 
require image data files in addition to the parameter data 
associated with a typical automated lamp unit. 

Accordingly, each module, in the sets of input and output 
modules 590, 592, discussed further below, is configured as an 
independent data network, capable of conforming to one or more 
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different communication protocols for communicating with the 
specific devices attached thereto; thereby facilitating the 
connection of the modular controller mainframe 500 to a number 
of otherwise non- compatible devices. In this manner, the 
modular controller mainframe 500 serves as an interface system 
for communications between a plurality of control devices 
having diverse communications protocols and a plurality of 
lamp units and other output devices having diverse 
communications protocols, functions and data formats. 
Accordingly, improved control of various types of lamp units 
having diverse functions and protocols may be achieved. 

Each module in the set of input modules 59 0, shown in 
FIGS. 26 and 27, and discussed further below, serves as an 
interface between the modular controller mainframe 500 and one 
or more control devices, e.g., 556-558, 560, 568, 570, 
attached thereto. Each module in the set of input modules 590 
is configured to receive control commands from the control 
devices connected thereto and to translate, if necessary, the 
received commands into a command format that may be 
interpreted by the modular controller mainframe 500. 

Each module in the set of output modules 592, discussed 
further below, serves as an interface between the modular 
controller mainframe 500 and one or more types of lamp units 
and other output devices having diverse communications 
protocols, functions and data formats. The individual modules 
in the set of output modules 592 receive generic console 
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set of output modules 592 ■, wherein, if necessary, the output 
module performs the command translation before transmitting 
the commands to the laiqp units. 

For example, if a console operator adjusts a knob 
associated with intensity control for a number of lamp units 
selected for manual control, the modular controller mainframe 
500 will transmit a command to each module in the set of 
output modules 592 consisting of an encoded representation of 
the "delta value- corresponding to the knob adjustment. Those 
modules in the set of output modules 592 that support lamp 
units capable of directly interpreting this generic console 
command, will transmit the console command to each connected 
lamp unit, without translation. However, those modules in the 
set of output modules 592 that support lamp units requiring 
absolute parameter commands must translate the generic console 
commands to the absolute parameter values necessary to set the 
selected lamp units to the desired intensity. 

Those modules in the set of output modules 592 that are 
configured to perform command translations preferably include 
a processor and memory for storing cue data in order to 
duplicate the functions of a lighting controller, such as 
those described in U.S. Patent No. 4,392,187, to Bornhorst, 
wherein the controller receives commands representing 
manipulation of console controls, and calculates the absolute 
parameter values necessary for transmission to each lamp unit. 
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In addition, each output module 592 may be configured to 
conform transmitted signals according to the appropriate 
communications protocol for the connected lamp units, i^e., 
each output module ensures that transmissions to the lamp 
units have the appropriate signal levels, timing, parameter 
order and other format factors that are expected by the lamp 
unit. 

MODULAR CONTROLLER MAINFRAME/MAIN PROCESSOR KERNEL 

The modular controller mainframe 500, shown in FIG. 26, 
includes a main processor kernel 502 and sets of input and 
output modules 590, 592, all interconnected by high-speed 
parallel data busses, including input bus 512, output bus 572, 
and mass storage bus 504. 

The main processor kernel 502 includes a microprocessor 
(CPU), such as a Motorola MC68040, random-access memory (RAM), 
read-only memory (ROM) , and associated support circuits. The 
main processor kernel 502 could be constructed as a mother 
board having its CPU, memory (RAM and ROM) and support 
circuitry built thereon, with the mother board additionally 
providing built-in connectors for mating with plug- in 
connectors of the various buses 504, 512, 572. 

The main processor kernel 502 communicates in one of 
several modes with the various modules in the sets of input 
and output modules 590, 592 for the transfer of cue data, 
status reports and other information. In a manner similar to 
the communications manager program, described above for 
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communications between the console and the individual lamp 
units, there can be provided two types of message addresses 
for communications between the main processor kernel 502 and 
the various modules in the sets of - input and output modules 
590, 592; namely, individual module addresses and a module 
broadcast address . 

Accordingly, each module may be individually accessed by 
the main processor kernel 502 by transmitting the unique 
module address associated with that particular module, in 
this manner, although all modules can receive the transmission 
with the individual module address, only the module associated 
with the transmitted address will respond. 

In the module broadcast modej the main processor kernel 
502 can transmit messages to all modules in the sets of input 
and output modules 590, 592 at a common address, wherein each 
module in the sets of input and output modules 590, 592 
responds depending upon the respective configuration of the 
module, and the devices connected thereto. In one embodiment, 
additional module broadcast addresses can be provided to allow 
the main processor kernel 502 to limit a broadcast to either 
the set of input modules 590 or the set of output modules 592. 

In a lamp unit broadcast mode, control input signals 
received by the modular controller mainframe 500 from any of 
the control input devices are transmitted via the set of 
output modules 592 to each of the lamp units connected in the 
Device Control Domain at a common address. 
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MASS STORAGE DEVICES 

The main processor kernel 502 communicates, via the mass 
storage bus 504 , with processor- controlled mass data storage 
and retrieval devices, e.g., a large capacity hard disk drive 
506 or a digital data tape cartridge drive 508. In addition, 
a floppy disk drive 510 may be connected directly to the main 
processor kernel 502. 

Preferably, the mass storage bus 504 conforms to the 
Small Computer System Interface (SCSI) protocol, or a similar 
bus standard, so that additional mass storage devices (not 
shown) can be easily connected to the mass storage bus 504. 

Cue data uploads, received from the lamp units by the 
output modules 592 and then transmitted to the main processor 
kernel 502, can be stored on the hard disk drive 506 in 
addition to being n backed-up" on the tape cartridge drive 508 
and/or floppy disk drive 510. Status reports, described 
further below, can be logged on the hard disk drive 506 for 
analysis by a data base and report generator program which may 
operate on the main processor kernel 502 or on a pergonal 
computer 560 (FIG, 27). 
OPERATING SYSTEMS 

Operating system software for the various devices of the 
modular control system, e.g., main processor kernel 502, the 
sets of input and output modules 590, 592, control panel units 
546-552, lamp units, and smart repeaters 52-58, can be stored 
on hard disk drive 506. In this manner, updated versions of 
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the operating system software can be loaded onto the hard 
drive 506 via a tape cartridge inserted in the tape drive 508, 
or via floppy disks inserted in the floppy disk drive 510. 
Operating system sof tware can thereafter be downloaded from 
the mass storage devices 506-510 to the appropriate devices, 
as required. 
INPUT MODULES 

The main processor kernel 502, as noted above, is 
connected to the set of input modules 590, each controlled by 
a microcontroller integrated circuit, such as the Motorola 
MC68302 Integrated Multiprotocol Processor. The set of input 
modules 590 are connected to the main processor kernel 502 by 
means of parallel input bus 512, e.g., a 16-bit or 32-bit data 
path, also having associated address and control lines , as 
required.. 

The configuration of the input modules 590, shown in FIG. 
26 and discussed below, is merely illustrative.. Other input 
modules may be connected to the input bus 512, as required, to 
accommodate new control devices and serial data link formats, 
which may be developed in the future. 

Input module 514 connects control panel units 546-552 to 
the modular controller mainframe 500, as shown in FIG. 2?# via 
a well known serial token bus 523, or similar serial data 
link. Preferably, input module 514 is embodied as a token bus 
controller, for communicating with microprocessor- controlled 
control panel units 546-552. A microprocessor station 
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connected to the serial token bus may transmit on the bus when 
it has possession of the control packet, or "token" , with 
control being surrendered upon transmission to the processor 
receiving the control packet* Alternatively, a token ring 
network may be implemented, with the various devices on the 
network connected in a daisy-chain fashion to form a closed 
ring. 

Input module 514 is preferably configured to "listen to* 
all messages on the serial token bus. In this manner, input 
module 514 can transmit at any time input control signals to 
the main processor kernel 502 , where appropriate, regardless 
of which processor station connected to the bus 512 possesses 
the control packet. 

The control panel units 546-552 are each controlled by 
one or more microprocessors and may be configured to 
incorporate particular features and functions of a control 
console, described above, such as the Artisan® console 
marketed by Vari-Lite, Inc., of Dallas, Texas, in addition to 
supplementary features. 

For example, a manual control panel unit 548 can 
provide, e.g., means for selecting lamp units to be placed 
under manual control, means for indicating selected or active 
lamp units, and means to manipulate the various parameters of 
selected lamp units. In a typical lighting arrangement, 
manual controls are utilized for arranging the various lamp 
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units in a desired configuration prior to storing the 
resulting lighting effect as a "cue". 

In addition, a submasters control panel unit 550 can 
provide, e.g., means for storing, recalling and initiating 
cues, as well as means for executing manual cross-fades 
between two cues. Once a cue has been assigned to a 
submaster, it may typically be activated by selecting the 
associated submaeter and manipulating the fader on that 
submaster. 

A chase/matrix control panel unit 552 may provide means 
for controlling chase sequences, in addition to matrix control 
means for controlling smaller groups of lamp units. A chase 
is a programmed sequence of cues that may be recalled into the 
chase/matrix control panel unit 552 and executed automatically 
in a known manner, A known matrix panel provides faders for 
manipulating the intensity of lights in a recalled cue, 
provided that the lights have previously been "patched" to the 
matrix panel. 

An additional control panel unit 546, featuring a subset 
of the manual controls, cue storage and recall, and chase and 
matrix controls described above, may be used as an alternate 
control console in a remote location or as a backup control 
console. This remote or backup console may be configured to 
incorporate particular features and functions of a remote or 
backup control console, such as the mini -Artisan® console 
marketed by Vari-Lite, Inc., of Dallas, Texas, in addition to 
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supplementary features. The control panel unit 546 is 
preferably constructed on a single control panel. 

Input module 514 is preferably configured to receive and 
sample data at a sufficiently high data rate such that each of 
the control panel units 546-552 connected to the serial* token 
bus 523 can be on-line simultaneously. This allows a remote 
operator to perform control operations on the remote control 
panel unit 546 while the main operator performs operations on 
one or more of the control panel units 548-552. 

Each control panel unit 546-552 preferably includes one 
or more display modules, which may be liquid crystal displays 
(LCD), electro- luminescent (EL) graphic display panels, 
vacuum- fluorescent (VF) alphanumeric display modules, light- 
emitting diode (LED) character display elements, or other 
suitable display devices. 

The control panel units 546-552 may also include "soft 
switches", for example, push button switches having character 
display means in the key cap of the push button, such as the 
Pixie Graphic LCD Switch made by Industrial Electronic 
Engineers, Inc., of Van Nuye, California. Alternatively, push 
button switches can be mounted adjacent to other display units 
which indicate the functions of the buttons. 

In this manner, as the function of the push button 
changes in different operating modes or under control of 
different operating system software versions, the label 
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displayed in the key cap or in the adjacent display can be re- 
written to indicate changed or alternate functions. 

Some of the push button switches may be f ixed- function , 
for exaiqple a numeric keypad, while other buttons are 
reprogrammable in different modes of operation, for example a 
bank of buttons might be channel select buttons in one mode, 
and timing function controls In another mode. 

The control panel units S4S-552 may also contain one or 
more types of continuous manual control devices, for example 
rotary knob- type controllers, such as rotary optical encoders, 
or linear fader- type controllers such as linear slide- 
potentiometers. A manual control panel 548 may contain only 
rotary continuous controllers while a submasters control panel 
550 may contain only linear continuous controllers. A special 
function control panel such as a chase/matrix controller 552 
or a remote/backup console 546 may contain both rotary and 
linear controllers* 

The primary control panel units 548-552 may be mounted 
together in a single console 554 to serve as a main control 
console or, alternatively, they niay be mounted separately in 
spaced-apart locations. Further, each of the control panel 
units 546-552 can be customized for a particular application 
by installing the desired mix of knobs, faders and display 
units, and programming the soft switches, as desired. 

The modular design of the control panel units 546-552 
allows the controller to be designed in accordance with 
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prevailing desires of lighting system operators, which can 
thereafter be easily supplanted by a different configuration 
if those desires change, without requiring a complete redesign 
of the hardware and operating system programs of the entire 
lighting control console, since each control panel unit 546- 
552 runs its own operating system programs, the necessary 
program modules can be re-written to support a new control 
panel unit while the rest of the modular control console 
system remains unchanged. 

Additional input modules can be provided as well, as 
shown in PIG, 26, including, e.g., a Musical Instrument 
Digital Interface (MIDI) module 516 , an Ethernet port module 
518, an RS232 serial data port module 520 or a video input 
module 522, 

The MIDI input module 516 is configured to receive and 
interpret signals that conform to the MIDI convention . In one 
\ embodiment, the MIDI input module 516 may be connected to a 

MIDI recorder/sequencer 556, such as the Alesis MMT-8 Multi 
Track MIDI Recorder, by means of a serial data link 524, for 
recording and playback of control console commands generated 
by the modular controller mainframe 500, as shown in FIG. 27 
and discussed further below. 

In another embodiment, discussed further below, the MIDI 
input module 516 may be connected to an electronic musical 
instrument 557 or other device capable of generating MIDI 
"notes", with the MIDI notes generated thereby received and 
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interpreted by the modular controller mainframe 500 to 
effectively control lighting parameters. The electronic 
instrument 557 may be connected to the input module through 
the MIDI recorded 556, as shown, or alternatively, the 
instrument 557 may be coupled directly to module 516. 

Since the MIDI convention defines 128 MIDI notes, up to 
128 buttons on the various control panel units 546-552 may be 
"mapped 11 to unique MIDI notes. Accordingly, upon depression 
of a mapped button on a control panel unit 546-552, a console 
command will be detected by the main processor kernel 502, 
whereupon the main processor kernel 502 can translate the 
console command into the "mapped* MIDI command. The MIDI 
NOTE ON command may be then transmitted to the MIDI input 
module 516 for recording by the MIDI recorder 556- Similarly, 
when the button is released, a MIDI NOTE OFF command may be , 
transmitted to the recorder 556. 

By configuring the recorder 556 to record events received 
at its MIDI IN port, the series of commands generated by 
button depressions on the control panel units 546-552 may be 
stored in the non-volatile memory of the recorder 556 for 
later retrieval . 

In this manner, "Board Control Cues" may be established 
that place the control panel units 546-552 in a particular 
condition for execution of a series of cues for a particular 
song or dance* For example, to prepare the submasters control 
panel 550 for a particular song, the associated cue numbers 
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Cor that song or dance must be loaded into specific submasters 
and the appropriate submasters must then be selected. 
Similarly, to prepare the chase/matrix control panel 552 for a 
particular song, certain chases and matrix patches must be 
loaded* 

The console operator typically performs these tasks 
during a performance, prior to each song, by executing a 
series of button depressions on the control panels. 
Unfortunately, the order of songs to be performed is often not 
known in advance, and the operator will only have a minimal 
amount of time, following notification of the next song to be 
performed, to arrange the control panels 546-552 in the 
necessary configuration. 

Accordingly, the MIDI recorder 556 can record for each 
song {in advance) the series of button depressions necessary 
to place the control panel units 546-552 in the particular 
condition for the series of cues associated with each song or 
dance. Thereafter, during a performance, when the operator is 
notified of the next song to be performed, the operator can 
initiate the playback of the previously recorded button 
depressions by the MIDI recorder 556. The MIDI recorder 556 
effectively performs the quick burst of key depressions 
required to setup the control panel units 546-552 in a 
particular condition. 

The MIDI signals received at the MIDI input module 516 
from the MIDI recorder 556 during playback are preferably 
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translated to the corresponding console control commands by 
the processor of the MIDI input module 516, prior to 
transmitting the commands to the main processor kernel 502 for 
subsequent transmission to the control panel units 546-552. 
Performing the translation in the MIDI input module 516 
relieves the processor of the main processor kernel 502 of 
performing this task, and allows the main processor kernel 502 
to remain free to perform other tasks. 

Although, as stated above, the MIDI recorder 556 may be 
embodied as a multi- track MIDI recorder, capable of playing 
one or more tracks simultaneously, only a single track should 
be utilized for recording and playback so that NOTE ON and 
NOTE OFF commands are not directed to the same button 
simultaneously. In addition, it should be noted that 
depression of unmapped buttons on the control panel units 546- 
552 will not be recorded by the MIDI recorder 556. 

In an alternate embodiment, the MIDI input module 516 
may be configured to receive light parameter control commands * 
generated by an electronic musical instrument 557 or other 
device capable of generating MIDI notes. By mapping MIDI 
notes to parameter control commands, as described above, 
lighting system parameters may be directly altered from a 
remote source by depressing the "keys" corresponding to the 
desired "notes" on the MIDI instrument. 

The MIDI NOTE ON and NOTE OFF commands generated by the 
MIDI device 557 will be communicated to the lighting system 
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via the MIDI input module 516, where the MIDI commands will 
preferably be translated to the corresponding console control 
commands by the processor of the MIDI input module 516, before 
transmission to the main processor kernel 502. 

Commands received at the modular controller mainframe 500 
for controlling the state of a console button can be 
interpreted in either of two ways, i.e., to toggle the state 
of the button to its alternate state or to place the button in 
a desired state, regardless of its prior state. Accordingly, 
two modes are preferably provided. In the first mode, 
parameter control coiranands received by the modular controller 
mainframe 500, i.e., a MIDI NOTE ON or NOTE OFF command, will 
be interpreted as a command to toggle the associated console 
button to its alternate state. Accordingly, if a MIDI NOTE ON 
command is received in this first mode, corresponding to a 
button already selected, the NOTE ON command will toggle the 
button to its alternate, or deselected state. 

In the second mode, however, commands received at the 
modular controller mainframe 500 are interpreted to place the 
associated buttons into a known state regardless of the prior 
state of the button. 

For example, a message received by a module in the set of 
input modules 590 may contain a command to select certain 
submasters and/or deselect others, regardless of whether or 
not the submasters are currently selected when the message is 
received by the input module. 
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Upon receipt of this command by the modular controller 
mainframe 500, the main processor kernel 502 will recognize 
the commands to select and/ or deselect certain submasters. 
The main processor kernel 502 will recognize that this message 
should be directed to control panel unite 546-552 and will 
subsequently send a message containing the commands to input 
module 514 for transmission to the control panel units 546- 
552. 

The control panel units 546-552 will each receive the 
message and individually respond, depending upon whether or 
not the specified submasters reside on the individual control 
panel unit. The control panel units having the specified 
submasters will respond to the command by lighting the 
appropriate select button [SELJ , if not already lit, as an 
indication that the associated submaster is selected. The 
control panel units not having the specified submasters will 
ignore the submaster select command. 

In addition, messages containing the submaster 
select/deselect commands should also be sent by the main 
processor kernel 502 to each of the various output modules in 
the set 592 for transmission, where appropriate, to each of 
the lamp units. As discussed above, for those lamp units not 
capable of interpreting "generic" console commands, the 
associated output modules 592 must translate the commands into 
the absolute parameter data, suitable for interpretation by 
the lamp unit. 
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Input module 518 , shown in FIG, 26, implements an 
Ethernet port for high-speed data communications. In one 
implementation, the Ethernet port may be connected to a 
graphics workstation 558, such as a Sun Microsystems SPARC 2 
computer workstation, via serial data link 526, as shown in 
FIG. 27. A graphics workstation 558 may be utilized to 
develop, modify and control images which are to be projected 
by automated lamp units having image generating capabilities, 
such as the lamp units having liquid crystal projection gates 
disclosed in the above incorporated application serial no. 
07/693,366. 

In addition, graphics workstation 558. may be utilized to 
operate software suitable for coordinating the off-line 
programming of lighting parameters by utilizing a three- 
dimensional model of the performance venue and the functions 
of a lighting system, such as the programming and modelling 
tool described in the above incorporated application serial 
no. 07/641,031, 

Input module 520 preferably implements an RS232C- 
compatible serial data port* In one embodiment, shown in FIG. 
27, the RS232 port can be connected to a personal computer 560 
via serial data link 528, allowing cue data, status reports 
and other information to be transferred between the various 
lamp units, control panel units 546-552 and personal computer 
560. In this manner, the personal computer 560 can be 
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utilized for development, display and manipulation of cue data 
and status reports. 

Preferably, a suitable modem circuit is included in input 
module 520, since the RS232 data format is commonly 
transmitted over telephone lines ♦ As shown in FIG* 27, the 
modular controller mainframe 500 can thus communicate with 
remote devices and computer systems via serial data link 530 
and telephone line interface 562, thereby allowing cue data, 
status reports and other information to be transmitted between 
the performance venue and a remote maintenance facility. In 
this manner, faults in the lighting system may be diagnosed by 
an operator at the remote facility. 

Input module 522 is preferably configured to receive 
analog video inputs via serial data links 532 from, e.g., a 
video tape recorder 570 and/or video camera 568, as shown in 
FIG. 27. In this manner, video signals generated by the 
recorder 570 and/ or camera 56 B may be multiplexed and 
transmitted to those lamp units having image generating 
capabilities via separate data link 584 (discussed below) . 
OUTPUT MODULES 

As noted above, a set of output modules 592 are 
preferably provided for interfacing the main processor kernel 
502 with the lamp units. The set of output modules 592 axe 
connected to the main processor kernel 502 by means of 
parallel output bus 572, e.g. # having a 32-bit or 64-bit data 
path, in addition to the necessary address and control, lines. 
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Bach output module in the set 592 is preferably 
controlled by one or more microprocessors, such as the 
Motorola MC68302 Integrated Multiprotocol Processor and the 
Motorola MC66332 microcontroller. 

As noted above, each module in the set of output modules 
592 , is preferably configured as an independent data network, 
allowing each module to serve as an interface between the 
modular controller mainframe 500 and one or more types of lamp 
units and other output devices having diverse communications 
protocols, functions and data formats ♦ Each output module in 
the set 592 translates, if necessary, the generic console 
commands received from the modular controller mainframe 500 
into the specific commands or parameters necessary for 
communicating with the specific types of lamp units or output 
devices connected thereto. 

The configuration of the modules in the set of output 
modules 592 and the lamp units or other output devices 
connected thereto, e.g., the number and type of lamp unit 
connected to each output module, as shown in PIGS . 26 and 2*7 
and discuesed below, is merely illustrative, with other output 
module configurations being easily developed, as necessary, to 
accommodate varying preferences in the variety, number and 
arrangement of lamp units and other output devices comprising 
each lighting system. Furthermore, additional individual 
output modules can be constructed or upgraded, as necessary, 
to accommodate any new communication protocols, functions or 
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data formats that may be developed for lamp units and output 
devices . 

As noted above, each output module in the set 592 must be 
able to conform signals, prior to transmission to the 
connected lamp units, to the appropriate communications 
protocol, i.e., each output module must ensure that 
transmissions to the lamp units have the appropriate signal 
levels, timing, parameter order and other format factors that 
are expected by the lamp unit. 

In the illustrated embodiment, the lighting system 
consists of automated variable -parameter lamp units capable of 
directly receiving generic console commands, e.g., those 
associated with the Vari*Lite® Series 200™ lighting system 
(VL200S), such as the VL2® , VL2B®, VL3™ or VL4™ luminaires; 
automated variable-parameter lamp units requiring absolute 
parameter commands, i.e., those requiring translation of the 
generic console commands; automated variable -parameter lamp 
units capable of projecting stored images; automated variable - 
parameter lamp units capable of projecting video images; 
standard conventional, fixed-focus lamp units and other output 
devices, e.g., air cannons, special effects projectors, smoke 
machines and chain hoist motors for controlling the elevation 
of the truss assembly. 

. Preferably, as noted above, each module in the set of 
output modules 592 that support lamp units capable of reacting 
to received commands is capable of transmitting commands on a 
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broadcast basis to a common lamp unit address and to transmit 
lamp- specif ic commands to individual lamp unit addresses. 

In addition, the set of output modules 592 is preferably- 
configured to download operating system software from the mass 
storage devices 506-510 to individual lamp units and smart 
repeaters connected thereto, as required. Each module in the 
set of output module 592 may be programmed to accomplish other 
tasks, as well, according to the operating system software 
written for that output module. 

In the illustrated embodiment, output module 534 is 
configured to support automated variable -parameter lamp units 
capable of directly receiving generic console commands, such 
as those lamp units associated with the Vari*Lite® Series 
200™ system. When output module 534 is configured to support 
the communications protocol of the Vari*Lite® Series 200™ 
system or a similar protocol, it preferably implements 
bidirectional serial data link 26A2 using Manchester encoding, 
as described above, which features separate broadcast and 
reply data links in a dual network. 

Output module 53 5 is configured to support automated 
variable -parameter lamp units requiring absolute parameter 
values. Accordingly, output module 535 must be capable of 
translating the generic console commands received from the 
main processor kernel 502 into the absolute parameter values 
required for the specific types of lamp units connected 
thereto. As noted above, output module 535 preferably 
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includes a processor and memory for storing cue data in order 
to perform the necessary command translations. 

In the illustrated embodiment, output module 536 is 
configured to support automated variable -parameter lamp units 
capable of projecting images, e.g., those having liquid 
crystal projection capabilities. Accordingly, output module 
53 6 , connected to the associated lamp units by means of data 
link 26A4, is preferably configured to interleave stored 
digital data files with the system commands and parameter data 
typically downloaded by the controller for storage in the 
local memory of the lamp units prior to a performance. The 
image data files may be received from graphics workstation 558 
or from a mass storage device 506-510. 

The image signals associated with output module 536 are 
typically digital image signals; accordingly, these signals 
may be carried between the output module 536 and repeater 54A4 
for transmission to the connected lamp units by means of a 
dedicated twisted pair 574, which is typically utilized in 
lighting systems. 

Output module 538 may be configured to support automated 
lamp units capable of projecting video images, e.g., those 
lamp units having liquid crystal projection capability. 
Accordingly, output module 538, implementing data link 26A5, 
may transmit analog video signals to the connected lamp units. 
The video signals may be received through input module 522 
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connecting a Bource of analog video, e.g., camera 568 or video 
tape recorder 570, as discussed above. 

Since che video signals associated with output module 538 
are typically analog signals they may be carried between the 
output module 538 and the connected lamp units by means of a 
dedicated coaxial cable 576. Output module 538 may be 
reconfigured at such time as necessary to accommodate digital 
video signals. 

The lamp units having liquid crystal projection 
capabilities can be configured to generate animated pictures 
by sequencing stored digital image data files. Accordingly, 
output modules 536 and 538 are preferably configured to 
transmit image files to these lamp units in a real-time 
sequence. Alternatively, the image data files can be 
transmitted to the lamp units for storage in advance of a 
/ performance and recalled in a sequential manner similar to the 

retrieval of cue data. For those video lamp units requiring 
analog video signals, the digital image data files for 
sequential projection are preferably converted to analog 
signals by output module 53 8 prior to transmission to the lamp 
units. 

Output modules 536 and 538, supporting image generating 
lamp units, preferably include the appropriate hardware for 
image handling, i.e., additional memory capacity for storage 
of image files, and conversion circuitry, if necessary, for 
converting image files from analog to digital signals, or 
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vice- versa, as required by the type of lamp units connected 
thereto. In addition, these output modules may require 
enhanced transmission capacity for transmission of the image 
data files, i.e., a high-speed optical-fiber data link or, 
alternatively, compression circuitry for transmission of real- 
time animated sequences over a relatively slow data link. 

In the embodiment shown in FIG. 26, a separate data link 
584 is provided between video input module 522 and video 
output module 538 for transmitting video signals therebetween. 
In the case of analog video sigals r the additional link 584 
allows the video signal to be transmitted from the input 
module 522 to the ouput module 538 as an analog signal, 
without requiring analog-to-digital conversion in module 522 
and then reconversion from digital-to-analog in module 538, 
Additional link 584 is preferably utilized even where digital 
video signals are utilized, to prevent overburdening the 
transmission capacity of main processor kernel 502 and 
internal buses 512 and 572- 

As shown in FIG. 27, video input module 522 is preferably 
configured to accept several video inputs simultaneously. 
Additionally, each of the video signals generated by these 
video inputs are preferably multiplexed onto line 584 and 
provided to output module 53 8 for subsequent transmission to 
each of the connected video lamp units. In this manner, each 
of the video lamp units is provided with a number of video 
signals for projection. Each video output module 538 is 
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preferably configured to translate each of these video signals 
into a format that is compatible with each of the video lamp 
units connected thereto. 

The digital image files are preferably broadcast by the 
main processor kernel 502 to each of the output modules. 
However, only those modules in the set of output modules 592 
supporting image generating lamp units should respond. 

Control signals specifying certain changes to the image 
data at the lamp unit projection gates can be transmitted from 
the modular controller mainframe 500 to the lamp units to 
cause the lamp unit processor to execute such functions as a 
video « dissolve" or "wipe" from one image to another. Such 
"dissolve" or "wipe" commands may originate from a graphics 
workstation 558 or from a control panel 546-552, in the manner 
described with respect to bidirectional bus 80 in the Control 
Resources Network, as shown in FIG. 2. 

In the illustrated embodiment, output module 540 
implements a DMX-512 serial data link 542 for controlling ac 
power dimmers 544. Although the DMX-512 protocol supports up 
to 512 channels for conventional, fixed focus lamp units, less 
than 512 channels can be allocated to conventional lamp units. 

In the illustrated embodiment, output module 533 is 
configured to support a plurality of output devices , other 
than lamp units, commonly utilized in performances. As 
described above, other stage action effects often need to be 
controlled by a lighting console. For example, output module 

132, 
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533 can be configured in a manner similar to the control 
signal converter 64, described above with respect to PIG. 2, 
for producing control signals for directing the operation of 
chain hoist motor 66, air cannon 68, special effects projector 
70 and a smoke machine . 
STATUS REPORTS 

Each module in the set of output modules 592 that 
supports lamp units capable of. transmitting status reports is 
preferably configured to receive such status reports from the 
lamp units for transmission to the main processor kernel 502. 
Thereafter, the status reports can be transmitted by the main 
processor kernel 502 over the input bus 512 to each module in 
the set of input modules 590 for transmission to the control 
devices . 

For example, status reports received by the main 
processor kernel 502 can be relayed to control panel units 
546-552 via input module 514 and/or to personal computer 560 
via input module 520- Preferably, the operating system 
software of these control devices, e.g., 546-552, 560 allows 
the control devices to receive and display such reports. 

In addition, an artificial intelligence program or 
•'expert system" may be installed as part of the operating 
software of these control devices 546-552, 560 for monitoring 
and analysis of the status reports. In this manner, the 
control devices can scan the status reports, and identify 
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faults in the system by comparing the status reports against a 
data base of known symptoms and possible faults. 

It thus becomes possible, for example, for the control 
devices 546-552, 560 to conclude and report that the ambient 
temperature in the vicinity of the lamp units is probably 
higher than normal if a preponderance of lamp units report 
over- temperature conditions in their respective lamp head 
assemblies. 

Upon receipt of a status report from the main processor 
kernel 502, the input module 514, preferably embodied as a 
token bus controller, transmits the status report, along with 
the control packet, to one of control panel units 546-552. 
The first control panel unit to receive the message, i.e., 
unit 548, displays the report to the operator. The processor 
of control unit 548 will compile a message consisting of the 
control packet, the status report, and any control input 
signals generated by operator control actions, for 
transmission to a second control panel unit, i.e., unit 550. 

The second control panel unit 550 receives the status 
report and displays it. The processor of second control unit 
550 compiles a message consisting of the control packet, the 
status report, control input signals added by the first 
control panel unit 548, and control input signals generated by 
operator control actions at the. second control panel unit 550, 
for transmission to the next device on the serial token bus 
523, i.e., control panel unit 552. 

i H 
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Eventually, the messages are returned to the token bus 
controller 514. Token bus controller 514 will thereafter 
discard the status report and compile the control input 
signals for transmission to the main processor kernel 502, 

Experience has shown that certain situations require 
different controls for operating a computer controlled 
lighting system with distributed processing. In a rehearsal 
.. v jnode, for example, extensive controls for selecting lamp units 
and manipulating their multiple parameters are required for 
programming the system to achieve the desired lighting 
effects. In a performance mode, on the other hand, extensive 
controls for recalling cue data and controlling groups of lamp 
units axe required for operating the system to reproduce 
and/or combine the desired lighting effects. 

In a synchronized performance mode, no controls are 
required as the modular controller mainframe 500 receives 
timing signals via one of the modules in the set of input 
modules 590 and recalls cues according to a time code program 
so that the desired lighting effects are reproduced in 
coordination with other events in a show. 

In yet another performance mode, it may be appropriate to 
provide simple display means and manual override or emergency 
controls on a control panel unit 546-552 connected to the 
modular controller mainframe 500 so the desired lighting 
effects can be reproduced even if the timing signals are lost. 
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The present invention therefore provides a control system 
for computer controlled lighting systems with distributed 
processing in which the control console can be reconfigured 
and/or replaced with a different console depending upon the 
specific application for which the lighting system is used* 
It is no longer necessary to provide one console having all 
possible controls available all of the time, rather the 
control system can be reconfigured to accommodate the 
differing requirements of rehearsal programming end 
performance playback, including various requirements to 
provide electrical control interfaces between the lighting 
control system of the present invention and other electrical 
control systems. 

Although several embodiments of the invention have been 
illustrated in the accompanying Drawings and described in the 
foregoing Detailed Description, it will be understood that the 
invention is not limited to the embodiments disclosed, but is 
capable of numerous rearrangements, modifications and 
substitutions without departing from the scope of the 
invention. 
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In another embodiment, the lighting system disclosed 
herein i B controlled by a distributed control system to 
facilitate more efficient utilization of diverse control 
system elements, whereas the modular control resources 
network described above provides for multiple on-line 
control panels operating simultaneously to control a 
plurality of automated and conventional lamp units, the 
modular controller mainframe remains a single, complex node 
of data link communications between the controllers and the 
lamp units. The complexity of the modular controller 
mainframe makes it susceptible to failure and its role as a 
central node of communications makes its failure a serious 
potential liability. To relieve the seriousness of a 
potential failure in a central component of a control system 
such as the control resources network described herein, a 
distributed control system characterized by distributed 
control system elements interconnected by a simplified high- 
speed data link network is utilized. 

Referring now to figure 2d, a distributed control 
system consists of one or more control consoles 24A, 24B, 
24C of the type hereinbefore described, one or more general 
purpose computers 560A, 560B. 560C, SGOD. and one or more 
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load interface modules 602, 610A, 610B, 610C typically but 
not necessarily associated with a power and signal 
distribution rack 400 (figure 17) ; all of the above 
described control system elements communicating over a high- 
speed data distribution network 600, such as Ethernet ♦ 

The various control system elements may exict as 
peers on the network, which is to say that no one element is 
in control of data communications on the network but all 
elements have equal access to the network; some well- 
understood scheme being utilized to resolve or. otherwise 
obviate conflicts arising from simultaneous attempts to 
transmit data by two or more control system elements. 
Alternatively, a token bus such as described in connection 
with figure 27 may be utilized. 

Other configurations may be utilized in which a 
control console and a personal computer are connected 
together locally, and one or the other is connected to the 
high-speed control resources network 600. 

One system element has unique status as a system 
data repository, which may be a general purpose computer 560 
that stores a three-dimensional model of the lighting system 
such as described in the above incorporated application 
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aerial number 07/641,031 (now U.S. ratent Ho. 5,307,295) 
entitled "Creating and Controlling Lighting Designs." 

Figure 29 illustrates typical architecture for a 
control console. Control consoles 24 are optimized for 
direct control of lamp units in the lighting system, 
including but not limited to manual control of variable 
lighting parameters, storing parameter data to be recalled 
later, and directing the lamp units to recall and conform to 
the stored parameters. Consoles exist primarily to send 
control commands to lamp units, and typically include 
limited display capabilities . A control panel €64 includes 
a variety of switches, knobs, fadere, and displays used to 
direct operation of the system by a human operator. A 
microprocessor 650 connected to address, data, and control 
signal bus 654 executes programs stored in a Read-only 
Memory (ROM) 6S2 and stores data related to the operation of 
the system in Random Access Memory (rbm) 652, the RAM and 
ROM also being connected to bus 654. Microprocessor 650 
reads the control panel 664 via a control interface circuit 
€65, also connected to buB 654. A touch-sensitive display 
662 is connected to a display interface circuit 660 
connected to bus 654. The microproce B ser reade touch inputs 



31 



-209- 



from touch- sensitive display 662 via interface 660 r and 
writes display data to the display via the same interface. 
A high-speed data link transceiver 658 connects to bus 654 
and serves as an interface between the console and the high- 
speed control resources network 600. 

Figure 30 illustrates typical architecture for a 
general purpose computer. Microprocessor 620 executes 
programs stored in ROM 622, loads programs stored on hard 
disk drive 625 into RAM 623 and executes the programs from 
RAM. Address, data, and control signal bus 624 
interconnects the microprocessor, RAM, ROM, hard disk drive 
and other components described be low • A removable disk 
drive 626, euch as a magneto-optical hard. disk cartridge, 
stores backup copies of the show file in a transportable 
form. Display interface 630 connects to bus 624 and 
supports operation of a graphic display device 632. High- 
speed data link transceiver 628 connects to bus 624 and 
serves as an interface between the computer and the high- 
speed control resources network 600. Input devices may 
include a standard keyboard 642 connected through interface 
636; a pointing device 644 such as a mouse, light pen, 
trackball or similar device connected through interface 638 
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and; a voice recognition module 640 with microphone,, 
connected through interface 634. 

General purpose computers 560 are utili2ed to store 
and display data, including tabular views of parameter data 
and graphical viewa of a performance environment or other 
lighting environment. One general purpose computer in a 
system is a system data repository storing a "show file* 
containing a three-dimensional model of the environment, 
including, lamp units and objects to be illuminated, the show 
file also containing parameter data for the lamp units. The 
Show file serves as backup data for parameter data sets (cue 
data) stored in the lamp units. The show file can also 
serve other purposes as will be described herein. As 
described below, copies of the show file may exist on other 
general purpose computers in the system and means may be 
employed to update the copies as the show file on the system 
data repository is changed. Any general purpose cottputer in 
the system can display lamp unit status information and 
view, create, or edit any show file on the repository. 
General purpose con^uters can also run programs that a 
create a virtual control console in a -window* on the 
computer's display, and allow operators to control lamp 
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units from the computer utilizing the window in conjunction 
with a pointing device 644 and/or keyboard 642 . 

Figures 3| and 32. and illustrate typical 
architecture for load interface modules. Load interface 
modules 602, 610 exist primarily to funnel commands to and 
report the statue of all lamp units connected thereto. Load 
interface modules periodically transmit status data over the 
high-speed control resources network for display by control 
consoles and general purpose computers. Load interface 
modules are also network gateways to multiple device control 
networks, transmitting and receiving data in one format over 
the high-speed control resources network while transmitting 
and receiving data in another format over individual device 
control networks. 

Each load interface module 602, 610 is configured as 
an independent data network, allowing each load interface 
module to serve as an interface between the high-speed 
distributed control resources network 600 and one ox more 
types of lamp units having diverse communications protocols, 
functions and data formats. Each load interface module 
translates, if necessary, generic console commands received 
from control consoles or general purpose computers into 
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specific commands or parameters necessary for communicating 
with specific types of lamp units or output devices 
connected thereto. 

Load interface module 602 (figure 31) includes a 
microprocessor 670, ROM 672 containing executable programs 
for operating the microprocessor, RAM 673 for storing data 
related to operation of the interface , a data link 
transceiver 678 for connection to the high-speed control 
resources network 600 # front panel controls and indicators 
676 connected to an interface circuit 675, and lamp unit 
interface 660 that supports an independent device control 
network. Address, data, and control signal bus 674 
interconnects the major functional blocks of the load 
interface module 602. 

Load interface module 610 (figure 32) corresponds to 
the Smart Repeater unit shown in figure 22 , but is modified 
to communicate with control consoles over the high- speed 
data link 600 • The Manchester Encoder 47o and the Machester 
Decoder 472 shown in figure 23 are replaced in the load 
interface module 610 by a high-speed data link transceiver 
612 for connection to the high-speed data link 600. 
Alternatively, both uplink interfaces can be included ori one 
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circuit card assembly, the encoder 470 and decoder 472 as 
well as transceiver €12, so that one standard circuit card 
assembly can serve as Smart Repeater 56 (figures 24 and 25) 
or as load interface module 610 (figure 28) . 

The high-speed control resources data network $00 is 
preferably an induBtry-standard, commercially- available, 
local -area-network format configured as a hub unit 604 , 605, 
606 having porta for connection to devices on the network . 
Transceiver circuits 62B, 658, 678, 612 configured as plug- 
in circuit card assemblies are installed in each console, 
general purpose computer, and load interface module. 
Alternatively, transceiver circuits can be built into other 
circuit card assemblies designed to implement the functions 
of the control console or load interface module, but a plug- 
in card configuration allows the transceiver circuits to be 
easily removed and replaced by improved transceiver circuits 
if and when an improved network format becomes available. 

One hub unit 604 is preferably co- located among 
control consoles and general purpose computers positioned, 
for example, in a seating area adjacent to a stage or other 
performing area, or in a lighting control booth- Control 
consoles 24A, 24B and general purpose computers 560A r 560B 
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are connected to the hub unit 604 which ia then connected to 
a aecond hub unit 605 co-located among power and signal 
distribution racks containing load interface according to 
the present invention. Load interface modules modules 610A. 
610B, 610C connect to the second hub unit 605 and provide 
control signals generated by consoles and general purpose 
computers to lamp units connected thereto. A third hub uni t 
606 connected to the second hub unit 605 may be provided to 
support larger numbers of lamp units. Connections between 
hub units may be high-bandwidth links such as fiber-optic 
cable communications format while connections between hub 
units and consoles, computers, load interface modules may be 
wire links. 

Additional control system elements, such as a 
limited-function technician's console 24C or a remote 
focusing device 608, can be connected to the second, third, 
or other hub unit co-located with the stage or performing 
area. Other hub units may be connected to additional 
consoles not co -located with other consoles. 

Method Of ftn^rafiftn 

A method for operating multiple control consoles 
eimultaneouQly on-line in a computer-controlled lighting 
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system according to the present invention tmiet resolve 
potential conflicts between two or more consolee issuing 
concurrent commands to the same lamp unit or group of lamp 
unite. In a default mode of operation, each lamp unit in a 
system can be controlled by any console in the system. 

Multiple control consoles can be on-line at the same 
time to permit simultaneous programming of different groups 
of lamp units. Lamp units in the system can be selected for 
manual control by multiple consoles simultaneously. 
Altenatively, lamp units can be selected for manual control 
exclusively by only one console at a time. A user- 
selectable option determines whether lamp units selected for 
manual control can be seized by another console so that the 
lamp unit is de- selected at the first console and selected 
for manual control by a second console, or whether the 
second console must wait until the lamp unit is de-selected 
by the operator of the first console before it can be 
Bel acted for manual control by the second console. 

Lamp units in the system can be directed to store 
and recall cues by any console or computer in the system. 
Alternatively, cue store and recall operations can be 
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restricted so that certain lamp units are exclusively 
assigned to certain consoles for control. 

In a second "lamp-unit -locked* mode of operation, 
any console can issue a command that renders a particular 
lamp unit or group of lamp units responsive only to chat 
console. In this second mode of operation, other consoles 
are unable to affect the lamp unit or group of lamp units in 
any way. The lamp-unit-locked mode can be used to partition 
the lighting system into groups of lamp units which are 
controlled by certain consoles and not others. Within each 
group, lamp units respond to cue store and recall commands 
from only the one console to which they are "locked. 1 * 

In a third "lamp-function- locked* mode of operation, 
any console can issue a command that renders certain 
functions of a lamp unit or group of lanp unite, Buch as pan 
and tilt control, responsive only to that console while 
other functions of the lamp unit(e), such as beam color and 
intensity, can still be controlled by any other console - 

In a fourth m lamp-unit-limited* mode of operation, a 
control console can be limited to control only certain 
groups of lamp units, but the lamp unite can be controlled 
by other consoles as well. A user- selectable option 
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determines whether Lamp units currently selected by manual 
i control by the limited console can be seized by another 

console, or whether the other console must wait until the 
lamp units are de-selected at the limited console. A user- 
selectable option determines whether lamp units that are 
active in a cue recalled by the limited console will respond 
to cues recalled by other consoles; or whether the lamp 
units ignore cue recall commands from other consoles if they 
are currently active in a cue recalled by the limited 
console. 

In a fifth *lamp- function-limited* mode of 
operation, a control console can be limited to control only 
certain functions of lamp units, but those functions can be 
controlled by other consoles as well. A user-selectable 
option determines whether lamp functions which are selected 
for manual control or are controlled by an active cue 
recalled by the function- limited console can be seized by 
another console or whether the lamp units ignore coimnands 
from the other console if those functions are currently 
controlled by the function-limited console. 

A board- level cue or similar macro- function can 
quickly set up a particular control arrangement. A board- 
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level cue operable on a single control console, or virtual 
control console running on a general purpose computer, is a 
data set that represents a set of known or desired states of 
various front -panel controls and indicators on that 
console's front panel. An operator can recall a board-levei 
cue to quickly set the .console front -panel features to a 
desired known state, rather than individually manipulating a 
large number of front -panel controls to set them to the 
desired state. Board-level cue recall can take the form of 
a two or three character board cue identifier which the 
operator enters on a keypad followed by the press of a 
"recall" button, thereby reducing board- level eet-up to 
three or four button presses as opposed to 16 to 20 or more 
button presses which might be required to load cue numbers 
or chase numbers into several submacters (three-digit cue 
number and a -go- button, or three-digit chase number and a 
•load" button for four or five submasters) . 

A board-level cue operating across multiple control 
consoles simultaneously on-line can include various modes of 
lamp-unit-locking and lamp-function-locking, larap-unit- 
limiting and lamp-function-limiting for different lamp unite 
or groups of lamp unit9. 
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Multiple Con^cvlf* lafcexafition with Show Pile 

in a distributed control system according to the 
present invention, a method for operating multiple control 
consoles simultaneously on-line with one or more general 
purpose computers must resolve conflicts between two or more 
consoles issuing commands that affect the show file data 
baee maintained on the system data repository* In systems 
that include a second or futher general purpose computer (s) , 
one or more show file data editing programs may be running 
simultaneously on the computer { s) • There may also be 
occasions when multiple control consoles and multiple 
computers running show file data editor programs are on-line 
simultaneously. 

In a default mode of operation, the currently open 
show file connected to the control resources network can be 
edited by any control console or show file data editor (show 
editor) program in the system. 

In a second "show-f lie-locked* mode of operation, 
any- console or show editor can issue a command that renders 
the show file editable by only that console or show editor. 
In this second mode of operation, only one console can 
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store cues, or only one show editor can add, delete, or 
modify data in the show file. 

In a third ^record-locked" mode of operation, any 
console or show editor can issue a command that renders 
certain records or groups of records, such as all lamp unit 
records in a certain cue or all lamp unit records of a 
certain lamp unit or some other grouping, editable by only 
that console or show editor. In this third mode of 
operation, any console or show editor in the system can 
operate upon all data in the show file except those records 
which are locked to a particular console or show editor. 
PndaHncr thg ShOJtt Eilfi 

As cues are stored in the lamp units, a continuously 
operating background routine updates the ahow file in 
accordance with changes to the distributed data base stored 
in the lamp units. 

A show file can be edited directly by a show editor 
program naming on a general purpose computer. As records 
in the show file are edited, the background routine updates 
the distributed data base stored in the lamp units in 
accordance with changes to the show file. 
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Different Tvnen rtf rnnfml Consolea 

A variety of control consoles optimized for 
different functions can be implemented by selecting the 
appropriate mode of operation and user-selectable options as 
described above for each of & plurality of control consoles 
having different control devices included on their 
respective control panels. A technician's console 24C may 
be function- limited to allow a technician-operator to start 
and douse lamps, and make saall variations in intensity and 
pan control, but be excluded from controlling color, tilt or 
other functions, or from storing or recalling cues, a 
remote focusing device 606 can also be function-limited to 
allow a lighting director to sequence through active lan«> 
units in reference cues or direct cues and adjust their 
focus (pan, tilt, beam-size, and edge/optical focus). 

A master console operates in the default mode having 
control over all lamp units in the system not partitioned- 
off in laug>-uzxit -locked mode to a secondary console. A 
secondary console can operate in the lamp-unit-locked mode 
to control a subset of the entire lighting system, such as 
work lights, house lights, or other lamp units not used for 
illuminating the main stage or performance area, while a 
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master console controls main stage illumination. By 
portioning- o£ f peripheral lamp units to a secondary console, 
the operator of the main console can select all lamp units 
for manual control and obtain control of only those lamp 
units designated for main stage illumination, peripheral 
lamp units being exempted. 

Additionally, a hub unit, such as hub unit 606, can 
isolate data link traffic between consoles, load interface 
modules, and computers attached to that hub from data link 
traffic between control devices attached to other hubs. In 
this way, a technicians console 24C and general purpose 
computer 560C can design, edit, and download to appropriate 
lamp units image files for projection by lamp units equipped 
with liquid crystal projection gates array such as disclosed 
in U.S. Patent Ho. 5,282,121 without introducing excessive 
and irrelevant data link traffic into other segments of the 
high-speed control resources network 600. 

A designer's remote console is a display-only device 
from which its user can direct its display of data. The 
designer's remote console communicates with the system data 
repository over the high-speed data link network and can 
display the current parameters of the lamp units in the 
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system, can display cue data for any cue in the show file, 
and can display any of the display windows used at the 
master or primary control console. 
Display Conrrfinl-ff 

The distributed control system of the present 
invention possesses the capability to display graphical 
representations of the lighting system in a variety of 
formats. Based upon a three-dimensional model of the 
lighting system, which model is contained in the show file 
data base maintained on the system data repository, each 
graphic display format conveys information to an operator 
representing a current state of the system, or as cues are 
recalled in the model , a possible state of the system. 

One graphic display format presents a photo- 
realistic view of a stage, set pieces and performers, and 
how they look under the current illumination from the laitp 
units* This view can be used to simulate show designs as a 
communication or sales tool for lighting designers. This 
view can also be used to provide realistic feedback for 
offline show programming and for control locations having an 
obstructed view of a stage. In the photo-reali 9 t:ic view, 
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lamp units are represented as projecting full conical or 
columnar beams which are visible only to the extent at which 
smoke is considered to be present in the air. a pool of 
light projected by a lamp unit, or the. pattern of its gobo, 
is mapped onto surfaces illuminated by the lamp unit. 
Various surface materials are employed in the model, taking 
into account the reaction to illumination and reflective 
properties of the surface materials, video screena may be 
included in the model with an operator being able to play 
real video sequences on the modelled screens. As cues are 
recalled in the model, the photo-realistic view shows a 
smoothly animated transition of beams in the air and of 
projections as they move. The operator's point-of-view can 
he quickly and easily moved to allow viewing the model from ' 
any angle. The operator can move to preset points-of-view 
with a single button press. 
Working- vi^w uiaslix 

z 

Another graphic display format presents a working 
view of the model comprising a mix of less realistic three- 
dimensional graphics, two-dimensional graphics, and numeric 
data. Three-dimensional graphics provide a visual context 
for other data. Two-dimensional graphics present lamp unit 
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information in a visual and qualitative way. Numeric data 
presents lamp unit information in a quantitative way. The 
stage, set pieces and performers are presented less 
realistically, in a more block-like way. Ko embedded video 
screens are included, nor surface modelling, nor modelling 
of the lamp units' beams and projections. Light beams 
projected by active lamp units are represented by colored 
bars. Graphical effects on the colored bars represent 
pattern projections (gobos) , hard or soft edge effects 
(optical focus) and "marked* lamp units (units which conform 
to all variable parameters but with no light- beams actually 
projected in a given cue) . a beam terminus can be 
represented by a colored dot or other graphical device to 
indicate the target at which the lamp unit is pointing. 
Clicking on a beam bar with a mouse or other pointing device 
selects the corresponding lamp unit for manual control. The 
beam terminus can be dragged by the pointing device to re- 
focus lamp units. The terminus snaps to the target surface 1 
or the head of a performer or to other default points to 
make aiming the beam easier, once a geometric pattern of 
beams has been arranged, the beams can be grouped together 
and thereafter moved as a group by dragging any one of the 
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beams. Clicking on a group of beans selects the 
corresponding group of lamp units for manual control. 

When cues are recalled, the working view shows a 
rough animated transition of beam bars in the air as they 
move. The operator's point-of-view can be quickly and 
easily moved to allow viewing the model from any angle. The 
operator can move to preset points-of-view with a single 
button press. 

The operator can have a fish-eye view from just off 
the front edge of the stage, halfway between the stage and 
the overhead lighting truss, giving a view of the truss from 
below and the stage from above. The motion of the 
operator's point-of-view is constrained to circle around the* 
edge of the stage in the fish-eye working view. 

The working view can superimpose numeric display of: 
a single, selected parameter over the body of each lamp 
unit. The operator can switch on or off groups of lamp unit^ 
beam bare and numeric displays? lamp units can be displayed! 
in -pages-; groups of (typically 100) contiguous lamp unit 
addressee. A -magic wand' selection tool is provided so 
that when the operator clicks on a beam to select the 
corresponding lamp unit for manual control, all activa lamp -. 
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unite bavins tn e same beam color as the selected lamp unit 
are, also selected for manual control. When the operator 
clicks on a target using the magic wand tool, all. active 
lamp units focused on that target are selected for manual 
control. Lamp units selected for manual control arts also 
selected for numeric display, allowing the operator to vie* 
numeric data for only some of the lamp units on a page, 
Channel -usam* ni^p^y 

Another graphic display format presents a channel 
usage display which, while maintaining the three-dimensional 
model of the lighting system, stage, set pieces and 
performers, presents a view chat breaks the model. Intended 
as a data visualization tool rather than a realistic view of ' 
the stage, the channel usage display can be manipulated tu 
show all of the important aurfaces of the stage , set pieces 
and backdrop in one view rather than having to move the 
operator's point -of -view to see parts of the eat that are 
hidden by other parts of the set* The operator's point-o£- 
view is fixed in the channel usage display, but portions of 
the model can be moved and rotated in the view to bring 
their important surfaces into view from the fixed point -of - 
view. For example f set pieces can be viewed from in front 
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of the stage, the stage can be tilted down go that its top 
surface is seen, and a backdrop can be raised from behind 
the set pieces bo its lower portion can be seen. Lamp units 
themselves are not shown, nor are beams in the air. h line 
marking the outline of a beam projected on a set piece or 
other surface is drawn; some graying effect may be used to 
fill the outline of a pool of light formed by the beam 
projected on the surface. A lamp unit address or control 
channel number can be displayed in the center of the beam's 
projected area, or can be turned off if multiple beams 
converge on a single point, Lamp units can be selected for 
manual control by clicking on the corresponding beam's 
projected area, address or channel number, or target using. a " 
mouse or other pointing device 

Control consoles utilized in the distributed control " 
system of the present invention may contain control devices 
optimised for a variety of functions including but not 
limited to: l) selecting and de-selecting lamp units or 
groups of lamp units for manual contra! , 2) adjusting 
variable parameters of lamp units selected for manual 
control, 3) storing variable-parameter data describing the 
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present state of lamp units in the system for later recall, 
4) recalling and conforming variable-parameter lamp units to 
stored variable -parameter data, 5) uploading stored variable 
parameter data from lamp unite to a system data repository, 
6) downloading stored variable parameter data from a system 
data repository to lamp units, and 7) requesting and 
displaying statue information related to the present state 
of laiup units in the system » 

Whereas some control consoles, such the Artisan® 
and mini -Artisan® control consoles manufactured by Vari- 
I*ite, Inc. of Dallas , Texas, have used separate front-panel 
features for recalling single stored sets of variable 
parameter data (direct cues) and automatically- executable 
sequences of stored sets of variable-parameter data 
(chases) , control consoles according to the present 
invention utilize flexible front -panel features capable of/ 
recalling either a direct cue, a chase sequence, or other 
playback function. 

A- front -panel feature called a *suboaster" is 
normally adapted either for recalling direct cues, for 
recalling and executing chases (sequences of direct cues) , 
controlling cross-fade between two direct cues, or 
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controlling intensity of groups of lamp unite distributed 
over a group of matrix faders; a number of direct cue 
submasters and a number of chase sequence submasters being 
normally provided on a console front panel. A submaster is 
normally provided with a variable controller or "fader' used 
to control the overall intensity level of lamp units 
assigned to the submaster, a -go- button for loading a 
direct cue number to the submaster or a "load* button for 
loading a chase sequence identifier to the submaster, and a , 
pair of buttons for incrementing or decrementing the direct 
cue number loaded to the submaster or a pair of buttons for 
running and stopping or single-Btepping through cues in a« 
chase sequence. A submaster "select* button is provided to- 
activate or de-activate cues or chases recalled to the 
submaster, so that the cue or chase can be loaded prior to 
execution and then executed by a single button press at the 
appropriate moment. 

Consoles according to the present invention utilise 
soft-submasters, ouch as those shown by way of example in 
figure 33. which can respond either as direct -cue 
submasters, chase- sequence submasters, or other submasters 
depending upon how a direct cue number, chase sequence 
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identifier or other identifier ie loaded to the submaster. 
If the operator enters a cue number on a numeric keypad and 
preeses a "direct* button associated with the. keypad, than 
presaee a "go* button associated with e soft -submaster. the 
submaster automatically becomes a direct-cue submaster and 
the other buttons associated with the submaster assume 
states in which they, perform appropriate functions such as 
to increment or decrement the cue number that is recalled to 
the submaster. If the operator enters an chase-sequence 
identifier on an numeric keypad and press the "chase- button 
ansociated with the keypad, then preeses the "go" button 
associated with a soft -submaster, the submaster 
automatically becomes a chase -sequence submaster and the 
other buttons associated with the submaster assume states rif 
which they perform appropriate functions such as to run or 

f 

stop the chase sequence or to single-step through the 
sequence of cues. 

Groups of soft-submasters can be configured to 
perform other playback functions such as cross-fading 
between two direct cues and individual control of intensity : 
of groups of lamp unite in a single direct cue (matrix 
control > by entering a number on a numeric keypad and 
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pressing button identifying the a particular playback 
function* For example, an operator can enter a cue number 
at the keypad, press an *X- fade* button associated with the 
keypad r and press *go* at a soft-submaeter, then enter 
another cue number, press "X-fade* and press "go* at another 
soft-submaeter to configures the pair- of submaoters as a 
cross- fade controller that fades between the two direct 
cues . 

A similar technique may be employed to designate 
matrix faders and a matrix submoster. A matrix submaster 
controls the overall intensity of groups of lan$> units , tho 
overall intensity of each group being controlled by one a£-~r 
group of matrix faders asaoicated with other soft- 
eubmasters. 

Consoles according the present invention utilize 
programmable display elements to change the labels on the 
buttons associated with sof t-subraastera depending upon the 
required functions. These may take the form of buttons 
mounted adjacent to separate display elements, or the 
display elements may be incorporated in the button or keycap 
itself. 
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Whereas a typical submaeter has incorporated 
f features for enabling or disabling timing effects stored 

with the cues and Cor filtering-out certain of the variable 
parameter functions of lamp units that are active in cues 
recalled to the 8ubtiaster r consoles according to the present 
invention may also include features for filtering-out 
certain lamp units, on a channel -by- channel basis, that 
would otherwise be active in the cue. 

cue srramirri 

Control consoles according to the present invention 
are provided with front -panel features and operating system 
programs that enable the use of a multi-level cue structure 
that includes board- level cues, direct cues, end reference 
cues. A direct cue is a data set that may contain variable- 
parameter data in the form of absolute parameter data for 
each function of a lamp unit, but a direct cue may also 
contain a reference identifier in the place of any one or 

more absolute values for any function, the reference 

< 

identifier serving as an index that points to another data 
set that contains the absolute parameter data. 

A reference cue is another data set that contains 
absolute parameter data that may be referred to by a direct 
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cue so that all direct: cues built from a given reference cue 
can be updated to new absolute parameter data simply by 
modifying the data in the reference cue- 

A board- level cue is a data set that describes the 
state of various front -panel features of a control console 
at a given moment, and includes, for example, which direct- 
cue numbers, chase- sequence identifiers, cross-fade cues, 
and matrix patch conf igurationa are loaded into which soft- 
submasters at that moment- Front -panel features for storing 
and recalling board-level cues are provided separately from 
features for storing and recalling direct cues, chase 
sequences and the like for the soft -submasters. Front-panel" 
features for storing and recalling reference cuee may be 
provided separately from features for storing and recalling 
direct cues, or some features such a numeric keypad can be 
shared by direct cue and reference cue controls; there being 
provided a button for *etore reference cue" separately from 
a.button for "store direct cue.* 

A board- level cue can be stored with "dear* or 
•thru* status for individual submasters. *Clear" status 
removes any previous submaster entry from a submaster when 
the board- level cue is recalled. *Thru" status leaves any 
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previous eubmaster entry in a eubmaater when the board- level 
cue is recalled. Board-level cues can trigger and be 
triggered by external events by transmitting board- level cue 
operations over the control resources network, listening at 
each console for board- level cue activity on the network,, 
and interpreting board-level cue activity depending upon the 
prior state of the console. A console can then be 
Programmed to respond to board-level cue activity on another 
console so that raulitple control consoles on a network can 
be configured by one board- level cue recall at one of the 
consoles on the network. 
Tracking 

A tracking function can be applied to a numerical 
sequence of direct cues having identical parameter values 
for one or more lamp unit. For example, cues 10.01 through 
10.09 may all specify the same color for one or more lamp 
units while specifying different pan and tilt values in each 
cue . In this example and according to the tracking feature 
of the present invention, the first cue of the sequence 
U0.01) is a "source cue* containing the parameter data to 
be tracked, and the color function is made to track through 
the numerical sequence of cues so that if at any time the 
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color is changed for any of the cues, the color is thereby 
changed in all cues of the sequence subject to the tracking 
feature. A user-selectable option determines whether 
changes made to the tracked function apply only from the 
current cue forward to the end of the sequence (thereby 
establishing a new source cue) , or whether a change made in 
one cue of the sequence is applied throughout the sequence 
from tha original source cue (10. 01) to the end (10.09). a 
source cue can also contain the identifier of a reference 
cue instead of actual parameter data. 

Tracking can be applied in one of two modes, in a 
standard mode, tracking functions through all consecutive, 
sequential cues in which a particular lamp unit parameter 
remains unchanged throughout the sequence, but stops 
tracking when that parameter changes, even if it changes 
back to the original parameter value in subsequent cues of 
the sequence, in an optional mode, tracking resumes for. 
subsequent cues of the sequence in which the parameter value 
returns to the original value. A user- selectable option may 
be utilized to determine whether the standard or the 
optional mode applies. 
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Tracking can also be applied to a chase , with the 
first cue of the chase sequence being a ^source cue* for 
tracking data, and all subsequent cues of the chase tracking 
the source cue; this establishes an arbitrary or random 
sequence of cues since chases can be programmed as arbitrary 
or numerically- sequential lists of cue numbers. 

Previously, chase sequences executed with a single 
chase rate value controlling the time between sequential cue 
recall operations. Control consoles according to the 
present invention are provided with front-panel features and 
operating system programs that enable the use of variable 
timing between each cue of a chase sequence. This can take 
the form of a first chase rate that applies to sequential 
execution of cue recall operations from a first cue of a 
sequence to a subsequent cue for which a new chase rate is 
specified. A user- selectable option determines whether the 
new chase rate is established for all subsequent cues (a 
"standard* mode) or whether the new chase rate applies only 
to the one cue which the new chase rate precedes (on 
-exception- mode) after which the first chase rate iB re* 
applied. Multiple new chase rates can be inserted into a 
single chase sequence. Bach new chase rate can be flagged 
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to operate as a Btandard-mode change or and exception-mode 
change. 

Ttmjyiy contra] 

Direct cues can include timing control, speed 
control, and/or wait times for individual functions of lamp 
units that are active in the cue. Timing control causes one 
or more variable functions to transition from a prior state 
to a currently commanded state over a specified time; 
separate times being possible for different functions such 
as pan r tilt, color, beam-size, edge, gobo- or image- 
rotation, intensity and the like. Speed control causes one 
or more variable functions to translation from a prior to 
state to a currently commanded state at a specified rate oft' 
change; separate speeds being possible for different 
functions ♦ Wait times cause one or more variable functions 
to delay the start of transition from a prior state to a 
currently commanded state; separate wait time being possible 
for different functions. A direct cue can have multiple 
wait times for various functions coupled with timing control 
or speed control for those functions Buch that, following 
the programmed wait time, the transition from a prior state 
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to a currently commanded state is then modulated by the 
programmed timing or speed control. 

Timing control data that can he stored with each cue 
may include a simple *one time for all parameters, * or may 
include separate times for each of a few broad classes of 
parameters such as intensity , focus , color, and beam 
parameters. Control consoles according to the present 
invention further include front-panel features, such those 
shown by way of example in figure 3*, and operating system 
programs that enable the programming of separate timing 
control values for each variable parameter function of a 
lamp unit- For example, where the color-control function is 
controlled in a particular lamp unit by three motorized 
color filter drives, the timing control data stored with a 
particular cue for that lamp unit may include separate 
execution times or speed control values for each of the 
three color filter drives. Alternatively, a single timing 
control value con apply to all three color filter drives 
equally. A hierarchal structure can be imposed on the 
timing control values bo that a single time for all 
functions, whose default value is zero -time or full -speed, 
is initially entered for each lamp unit function. 

(no 



-240- 



Thereafter, entering a timing value for a broad class 
function such as color or focus overwrites the single timing 
value for all specific functions included in the broad 
class. For example , a color time injposed over a single time 
for all functions causes new timing values to be entered for 
each color filter drive of the affected lamp unit* 
Subsequently, color timing can be modified by entering a 
third timing value for only one of the color filter drives 
of the lamp unit, the other color filter drive (a) being 
controlled by the timing value entered for the broad class 
function •color.* A user- selectable option determines 
wherher a new timing value entered for a broad class 
function overwrites all timing values for specific parameters 
drives (a "reset* mode) or whether the new timing value ia- 
only propagated to parameter drives that have not been 
programmed with specif c timing values (a "fill-in* mode) . 

Wait times can be entered for each of the broad 
class functions of a lamp unit in a cue, or can be entered 
for each of the specific parameter drives for each broad 
class function. Wait times can be programed according to 
the same hierarchal structure described above with respect 
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to timing values, and can be implemented with "reset* or 

•fill-in" modes as described above. 

An auto-follow mode can be applied to board-level 
cues so that the board-level cue intiates automatically 
following the completion of a previous event. In this way, 
one board-level cue can automatically follow another to 
simplify the execution of a complex sequence of events. Hie 
auto -follow mode can also be applied to direct cues so that 
numerically sequential direct cues are recalled 
automatically, observing any wait times and timing control 
values stored with the cues, so that the autofollow will 
always occur regardless of how the initial cue was loaded. 
XntelHe«n«- Lighting RA«-i«-..„ r 

The distributed control system of the present 
invention includes control system elements and operating 
system programs that enable the system to respond to a human 
operator as an -intelligent lighting assistant.- A- 
reasoning engine implemented on a general purpose coimauter 
connected to the control resources network accepts command 
inputs from a voice -recognition module or other input 
device. Voice recognition devices and techniques are well- 
known to those with skill in the art; for example the 
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ProAudio 16 eound card and Execuvoice software available 
from Media Vision of Freemont, California. 

The reasoning engine evaluates the command by 
refering to the show file, which contains a three- 
dimensional model of the lighting system and a data base of 
parameter data sets (cue data) for lamp units modelled 
therein. The show file is maintained on a system data 
repository also connected to the control resources network. 

The reasoning engine operates utilizing a method 
illustrated in figure 35 for translating generalized 
instruction inputs into parameter adjustment data outputs* 
The method includes applying a set of rules for interpreting 
generalized and subjective command inputs, such as the 
phrase -the upstage lamp units in red change to blue,' into 
lamp unit address to select for manual control and parameter 
adjustment values to drive the lamp units to produce light 
beams having the required attributes or parameters. The 
reasoning engine, according to the method of the present 
invention, analyzes the command input to determine which 
lamp units will be affected by the command, and also 
determines what the effect of the command will be upon those 
lamp units. Finally, the console composes appropriate 
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system commands and transmits the commands over Che high- 
speed control resources network 600. 

A user- selectable option determines whether a 
separate fc go* command input is required before the affected 
lamp units respond to the command input, or whether the 
resultant adjustment© are performed immediately upon 
interpretation of the command by the control system. 

The reasoning engine according to the present 
invention can distinguish common-language expressions 
describing relative locations of objects contained in the 
three-dimensional model maintained on the system data 
repository, their support structure hierarchy (which objects* 
are supported toy other objects) , attributes of the various 
objects (size, shape, color, type, names, control channel 
numbers or other designations) , and the various possible 
states of parameter drives in variable parameter lamp units 
Words, phrases, and other expressions having specialized 
meanings in the lighting industry are interpreted by the 
reasoning engine so that the resultant parameter adjustment 
values at least tend to approximate the general 
understanding in the industry of specialized meaning- Other 
words, phrases or expressions are given specialized meanings 
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as required to avoid unpredictable results in cases where an. 
expression may have two or more meanings. The reasoning 
engine of the present invent ion , therefore, correctly 
interprets industry * jargon* and may expand the jargon to 
include wore expressions having specialized meanings. 

Knowledge used for evaluating the input to determine 
channel selection requirement o includes common knowledge 
terms such as "first," "last,* m odd r * "even* and the like; 
technical jargon such as "first electric," "torm" and the 
like; knowledge derived from the three-dimensional model 
such as "upstage," "stage right," "hack truss" and the like; 
and current lamp unit attributes such as "green lights," 
"lights on the singer" and the like. Knowledge used for 
evaluating the input to determine parameter adjustment 
requirements includes console structures such as "preset 
color," "preset focus" and the like; numeric parameter entry" 1 
such as "at intensity 75," "in gobo 3" and the like; 
knowledge derived from the three-dimensional model such as: : 
m at the singer, * -two feet upstage* and the likej and 
current lamp unit attributes such as "the same green as 
those other lamp units' and the like. 
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The reasoning engine of the present invention 
interacts with the system data repository and graphic 
displays associated with the control resources network to 
display the results of command input expressions in both on- 
line and off-line situations. An operator can program a 
lighting system using only the intelligent lighting 
assistant, comprising a command input interface such as a 
voice-recognition module, a reasoning engine implemented on 

a general purpose computer, and a three-dimensional model 
of the lighting system. The modal simulates the activity of 
lamp units in the absence of the rest of the lighting 
system, while the command input interface and reasoning 
engine substitute for control consoles to provide for off- 
line programming. Results of command input expressions are. 
displayed on a graphic display showing a photo -realistic 
view r a working view f or a channel usage display as 
described above. Alternatively, multiple graphic displays- 
can be utilized showing different views on different 
displays. A voice -synthesiser module can be included in the 
system to allow the ^intelligent lighting assistant" to 
speak to the operator. 



116 



-246- 



In case of ambiguities which the reasoning engine 
cannot resolve , a question can be posed to the operator, 
either as text on a graphic display or as an electronically 
synthesized voice. For example, to evaluate an input 
containing the expression 'lights on the singer!* the system 
may pose the question "Which singer do you mean?* This 
question may be communicated audibly, utilizing a voice 
synthesizer module, or the question may be displayed as text 
in a window on the graphic display. As another example, if 
the input contains the expression *the same green as those 
other lamp units," the system way pose the question rnhich 
other laicp unite do you mean?* 
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Brief Description of the Drawings 

For a more complete understanding of the present 
invention and the advantages thereof, reference is 
now made to the following description taken in 
conjunction with the accompanying drawings, in which: 

FIGURE 1 is a perspective view of a computer - 
controlled lighting system of the type which may embody the. 
present invention as set up for illuminating a stage; 

FIGURE 2 is a block diagram of the lighting 

i 

system of the type which may embody the present invention, 
which illustrates the communication between the control 
console and the various lamp units as well as other items of 
stage equipment ; 

FIGURE 3 is an illustration of the front panel 
for a control console for a lighting system of the type which 
may embody the present invention; 

FIGURE 4 is a block diagram for the electronic 
subsystems which are of the type which may be a part of the 
control console; 

FIGURE 5 is an electronic biock diagram of the 
lamp processor system portion of a lamp unit; 

FIGURE 6 is a block diagram illustrating a lamp 
unit stepper control system; 

FIGURE 7 is a block diagram illustrating an 
index sensor system for use with the stepper motors 
in a lamp unit; 
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FIGURE 8 is a block diagram illustrating eervo 
feedback control of a motor within a . lamp unit 
including rate of movement control and position 
monitoring; 

FIGURE 9 is a detailed schematic diagram for a 
repeater as shown in FIGURE 2; 

FIGURE 10 is a flow diagram illustrating the operation of 
programs in the control console which includes a main 
sequencer that steps through a number of sensing, 
communication and other operational control programs; 

FIGURE 11 is a flow diagram of additional programs 
utilized in the control console for carrying out the operation 
of the lighting system of the type which may embody the 
present invention; 

FIGURE 12 is a flow diagram illustrating the 

individual steps carried out in a lamp unit for initializing 
the lamp unit to begin operation (part 1) ; 

FIGURE |3 is a flow diagram illustrating the 

individual steps carried out in a lamp unit for initializing 
the lamp unit co begin operation (part 2); 

FIGURE )4 is a flow diagram illustrating the basic 
operation of programs in the processor of the lamp unit 
including a main sequencer program which steps through a 
command reception unit and a series of test programs; 

FIGURE 15 is a flow diagram illustrating the operations 
carried out within the lamp processor for receiving parameter 
control commands, processing these commands and directing the 
physical operations that are carried out by mechanisms within 

m 
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the lamp unit for* causing the light beam to have a selected 
set of parameters; 

FIGURE 16 is a block diagram of a repeater as shown in 
FIGURE 9; 

FIGURE 17 is a block diagram ahowing the interconnection 
of two signal distribution racks in master/slave relationship; 

FIGURE l8 is a block diagram of the lighting system of 
the type which may embody the present invention, showing the 
master (console) repeater, slave (trunk) repeaters, and the 
various truss repeaters connecting the console and the lamp 
units; 

FIGURE 1? is a block diagram of the lighting system 
showing the existing broadcast network; 

FIGURE 20 is a block diagram of the lighting system 
showing the existing reply network; 

FIGURE 2| is a block diagram of an improved repeater of 
the type which may embody the present invention; 

FIGURE 22 is a block diagram of another improved repeater 
of the type which may embody the present invention; 

FIGURE 23 is a block diagram of a "smart" repeater of the 
type which may embody the present invention; 

FIGURE 24 is a block diagram of the lighting system 
showing an improved broadcast network of the type which may 
embody the present invention; 
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FIGURE 2 5 is a block diagram of the lighting system 
showing an improved reply network of the type which may embody 
the present invention; 

FIGURE 26 ie a block diagram- of the electronic subsystems 
forming part of a modular controller mainframe; 

FIGURE 27 is a block diagram of the modular control 
console system; 

FIGURE 2 8 is a block diagram depicting a distributed control system; 
FIGURE 29 illustrates typical architecture for a control console; 
FIGURE 30 illustrates typical architecture for a general purpose computer; 
FIGURES 3 1 and 32 illustrate typical architecture for load interface modules; 
FIGURE 33 illustrates a soft-submaster; 
FIGURE 3 4* illustrates various front panel features; and 
FIGURE 35 illustrates a method for translating generalized instruction inputs 
into parameter adjustment data inputs. 
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[Explanation on Reference Numerals] 



20 system 

22 stage 

24, 82, 84 control console 

26 data link 

28 lamp unit 

30 lamp 

32 floor lamp 

42 f 44, 46, 48, 50 lamp unit 

52 , 54, 56, 58 repeater 

60 dimmer 

62, 64 control signal converter 

66 chain hoist motor 

68 air cannon 

70 special effects projector 

80 hi -directional bus 

178 lamp processor system 

190 encoder/ decoder 

200 microprocessor 

202 RAM and EPROM memory 

218, 220 decoder 

246 multi-protocol communication controller 

254 parameter drive circuit 
278, 296 parameter control circuit 
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1 . Abstract 
[Problems] 

A distributed control system for a lighting system, including: one or more 
control devices for entering parameter-controlling inputs according to a specified format, the 
parameter-controlling inputs directing the operation of the lighting system, the control 
devices including a data processor coupled to the parameter-controlling inputs and a memory 
coupled to the processor; one or more computing devices for storing, editing, and displaying 
data related to the parameter-controlling inputs, the computing devices including at least a 
data processor, a memory coupled to the processor, and a data display device coupled to the 
processor; one or more load interface modules each including a data processor for controlling 
the respective interface module and for monitoring data link signals, each of the load 
interface modules supporting at least one device-control data link network; a control- 
resources data link network connecting the control devices, the computing devices, and the 
load interface modules; and at least one device-control data link network having a common 
path for connecting the load interface module to a plurality of multiple-parameter lamp units 
having a plurality of adjustable parameters relating to beam characteristics and a driver for 
controlling a plurality of the parameters in response to the parameter-controlling inputs. 

2 - Representative Drawing 
Fig.2 
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